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page 901, note in formulas, as follows: Eq. 74, 
lelete coefficients a in two places; Eq. 76, change @ to a; Eq. 77, change a? — 
a? and a to a’; Eq. 78, change to a’; Eq. 79, change to at and a’ to 
Eq. 80, change a’ to a®; and Eq. 81, change a? to to a‘, and ar to. at 
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Bic The first railroad ‘chartered in the United Sta es was the Baltimore ‘and 
, Ohio, in 1828, and the s story of the. development of the railroads that followed, f 
_ which made possible the United States as it exists today, is intensely interestin ao. 
Other forms of transportation have come into being, and some have grow 
aa toa , point where they are having : a decided influence on the social and economic _ 
environments of every community in the Nation. These agencies of trans- 
portation, under present conditions, are all competitive with each other, and 
certain economic influences have developed that apparently shave ‘resulted 1 in 
With the importance of the issues in the writer in 
: th this paper, to sketch the history of transportation d during the past one os 
: or more years, to outline briefly some of the e 
a discuss a few of the pertinent factors involved. _ An effort has been made to © 
correlate facts and data pertaining to the subject, which is now a transportation — bad 


80 vital and a sound national may 


and ( Ohio Railroad was laid on J uly 4, 1828, at which ceremony the venerable ~ 
Charles Carroll, of Carrollton (Va. ), remarked: Hagel old clan 


agnilia I consider this among the most important acts of yk life, ‘second te 


= only to the signing of the Declaration of f Independence, even if indeed a 

Prin. Engr., Board of and Research D.C. Dade to 
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Be Bk During the past 113 years, railway development in the United States ee iS - 
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From that date to 1850 was a period of exploration, both in the matter of 


me a developing road, equipment, and plant facilities, and in the methods of of finance 


” 
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The next forty years was period of 1 very rapid expansion. The 
2 railway systems had been pushed west across the Allegheny Mountains to 
Chicago, IIl., and the Union Pacific and the Central Pacific railroads had 
completed by 1869. Railway development was rapid during the period 
leading to the depression on of 1873. The decade 1880. to 1890 witnessed an . 
ra increase in railway lines aggregating more than 70, 000 miles, when a number | 


of transcontinental lines were constructed. TY JAMS 
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1—Ramroap Development Was Dourina Tae Perrop 


this period of rapid railway construction, public authorities and 


means of federal land grants and financial subsidies until 

1871. Some financial aid. was contributed after that year. 

1890 to the’ p peri iod of federal control (1917 to 1920) ‘pnight' be con 
3 ‘ghdered as the finishing period of the railway plant. _ Railway construction — 
ce _ consisted mainly of the building of feeder and cross lines or new branch lines— 

Be rounding out of the railway system as it is known today. Railway mileage fe, 

was increased frum 163,597 in 1890 to the peak of 254,251 in 1916, but this ? i 

* had receded to 235,064 miles in 1939. Track mileage reached a maximum of ee 


429, 883 miles i in 1930, declining to 408, 350 miles i in cep thousands ve miles a4 
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it begins transportation entered upon a@ new era 
% development. As the result of competition growing out of common-carrier 
ae service on the highways, the revival of waterways, the expansion of pipe-line = 
; « transportation, and the coming o of the airplane, the railway industry has had 
The total property investment in Class I railways amounted to 
26,527,000,000 in 1930, decreasing to $26,131,000,000 at the end of 1939. 
_ Peak revenues reached the total of $6,383,000,000 in 1926, declined to an nts 
verage of $3,622,000,000 per yr from 1931 to 1937, and were $3,995,000,000 
Net income, after fixed charges, reached its peak in 1929, with a total of - 
$897, 000,000, but only averaged $35,000,000 per annum from 1931 to 1937; 
- in 1938 there was a net deficit of $129,000,000, with anet ga gain of only $93,000, 000 
* in 1939. Railway taxes increased from $276,000,000 in 1921 to $356,000, 000 eee 
in 1939, or 29%; and taxes per one dollar of revenue increased from 5. 0¢ in oe 
a 1921 to 8.9¢ in 1939, or 78%. m The rate of return earned by the railroads on 


re the years | 1931 to 1937, 1. 1.43% i in 1938, ond 2.26% 7 in 1939, ® naeee: decrease 

teed Railroad freight traffic reached 447,000,000,000 ton-miles, ite in 1929, 
averaged 292,000,000,000 ton-miles from 1931 to 1937, and 333,438,000,000 
ton-miles in 1939, a 10-yr decrease of 25%. Railroad passenger traficreached 


24 


| 


its peak in 1920, ‘when 46,800,000,000° -passenger-miles were handled, declined 
te average of 19,900,000,000 from 1931 to 1937, and amounted 
22,651,000,000 in 1939, a 19-yr decrease of 52%. 
“4 Railroad freight rates declined from 12.75 mills pe r ton- mile i in 1921 to an . 
a. average of 9.96 mills from 1931 to 1937, and 9.74 mills per ton-mile in 1939, a 
an 18-yr decrease of 23%. Average revenue per passenger-mile declined from 
| @ maximum m of 3.86¢ in 1921 to 2.033¢ from 1931 to 1937, and 1.839¢ in 1939, *s 
a an 18-yr decrease of 52%. Competition has been an important factor in the soe a 
downward trend in railroad freight and passenger rates. head | 


o _» Because of the ‘failure of many ¢ carriers to meet t their interest charges, th 
ee of the railroad mam in general has been | greatly impaired, and must 


3 : Es made up at some future date. Closely relat J to the subject of alntennnce 
is the decrease in ability of the railroads to contribute to the national economy 
in the form of purchases 0 of the products of ‘manufacturers and other r industry. a. 
: i The gross capital expenditures made by the railroads for the period 1921 ; 
1930 ‘were an average of $773, 1000, 01 000 ‘per the period 1931 to 
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1939 this average amounted ‘to only $262,000, 000, or of $511,000,000, 
| 


or 66%, per annum. Comparing the purchases of fuel, material, and supplies — 
during the same periods, the average annual expenditure was reduced from 
— $1,384,000,000 for the first ‘period | to $660,000,000 for the second period, a 
_ decrease of $724,000,000, or 52% per annum. These statistics show that — 
: under normal conditions the railroads are heavy consumers of the products of 

oe other industries and are, therefore, an important factor in the Nation’s business. 

a? _ Also, the capability of the railroads to buy equipment and other eapeiies, ene 

ee foster general employment, has been seriously impaired i in recent years. __ 

} More than 75,000 miles of railroad lines, o or about one third of all railroad 
Bec mileage, are now in the hands of receivers or trustees. This is the largest 


ae proportion of rail mileage in in | bankruptcy ever recorded in the history - ‘ee 

It is only to note the many that have 
oe rie in rail transportation during the two decades 1920-1940, and more particularly, 


ive the latter of the two. Every | one knows of the modern, streamlined, 


eve 


-_ gonditioned, high-speed | passenger ' trains, and the faster freight, including the 


4 The | history of inland waterway transportation, of course, antedates that y 
railroad transportation. Rivers and canals: were among the principal q 


eo channels: of transportation in the United States s until the close of the Civil — 
, War. In Virginia, the James River Company, organized by George Washing- i. 
ton and others, as a stock company, in 1785, had as its object the construction — 


~ of a canal from the tidal basin of the James River at Richmond, Va., following ; 


river to Clifton Forge, Va., and across the Allegheny Meunthinn: by ; 
aera highway, to the Kanawha River, a tributary of the Ohio River in West Virginia. — % 
ae i The cane] was completed for a distance of 200 miles, when financial troubles = | 
stopped construction. The property was later taken over by the predecessor 
aa of The Chesapeake and Ohio Railway Company. By the close of 1825, the 4 


Erie Canal had been completed between the Hudson ‘River and Lake Erie, 


- 851 miles, and i in 1828 the Chesapeake and Ohio Canal was under construction _ 
_ from the tidal basin of the Potomac River at Washington, D. C., for a distance — 
of 186 miles, following the Potomac River to Cumberland, Md. becrliatt 
rel Canal construction spread very rapidly, not only i in those states along the 
ag) eastern seaboard that were in need of lines of communication with the } Middle 
vr West, but also within the > Western Sti States. Following the he Civil War, in 1885, 
the development of railways a attracted much of the commerce that formerly — 
‘ ee moved by water. The railways also created new commerce in many arene 
hinge not served by rivers, following which traffic on the rivers and canals declined | ia 
first turnpike roads were built i in the United States with the view that 
a the full cost of transportation should be borne by the shipper. Likewise, it <3 ; 
was the intention to charge tolls for the use of the canals; but returns from this 1] 
source sufficient to cover both charges and maintenance a 


— 
= 
j Bt 
— | 
> 
8 
3 
¢ 
E 
a 4 uu 
a. 
— 
— = 
— 
tra 
q 
— 


supported by general taxation. The total cost of to 

: people of New York from the beginning to 1929 has amounted to ‘more then “3 
$346,000,000. From 1930 to 1940, inclusive, the total expense aggregated — a 

- $109,195,000, or an average of $9,927,000 per annum, divided thus: $31,398, 4 


or $2,854,000 per annum, for operation: and “maintenance, and $77, 797, 000, P a 


. Be |: 1885, the rivers and canals had lost most of the high-grade ‘traffic. 


However, low- “grade traffic, such as s sand, — and ¢ coal, continued to m move 


inland waterways renaissance, in las of the 


and the spur of many government officials, individuals, and organizations. — 
To bring this q 


es if of inland waterways, including 
m g the Hudson River and 
of 
— 
— 
st 


Gulf Coast rivers, i 


4 


2 
chief of engineers of ‘the United States 1939 total of 
a 637,528,923 has been spent or authorized on the construction and main- 
- tenance of waterways projects to June 30, 1939, of which approximately — 
3 655,000,000 has been spent or authorized for river and harbor navigation — 


_ River system, $517,000,000 for other waterways, and the remainder for seacoast — 
a and lake harbors and channels and intercoastal canals. The total mileage o 
inland to the Board of Engineers for Rivers 


526 


ten Intercoastal waterways. 


; = 9 ft to 12 ft; and 1,578 miles have ‘depths greater than 12 ft. ae 


—Warer-Borne TONNAGE commerce on the Great Lakes, and 
on rivers, canals, and connecting 


channels in the United States, after 
RAP — eliminating the kaown duplications, 
‘Sate is shown in Table 1 for the calendar 
98,751 224,151 years 1920 through 1938. From this 
é | table it will be seen that the tonnage 
other than on the Great Lakes has 
 jmereased from 125, 400,000 tons in 
920 to 277,755,000 tons in 1938, an 


total on inland waterways of the United States 


Other | 


1938, exclusive of the Great Lakes, 5, was 17,742,506, 538. total ton-mileage 
Lakes was 49,004,019,901, which, together with | that on the be 


the 
rivers, canals, and connecting ‘channels, makes total ton-mileage of 


re 66,746,526,439. - Computed on the basis of 4.46 mills per per ton-mile (average : 
+4 phe Inland Waterway Corporation 1924 to 1935), the expense to the shippers _ a 


using rivers, canals, and connecting channels for transporting 1, 742 million 4 


tons ‘one mile in in 1938 ‘would be approximately $79,000,000. _ The cost of 


=e periods, each characterized by usage of a distinct character. — In the first a 


or projects. Of this amount, approximately $1,123,000,000 was on the Mississippi a 
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“the routes passed. During this time a number of states had found the de- 
velopment of subsidiary highway routes to be burdensome and 
some of them on a commercial basis by granting charters to individuals or — 
a - companies, ‘permitting them t to build and operate toll roads. The ) states, 
however, participated in the cost of these projects and retained a0 sight to 
Prior to 1892 the in the field of highway transportation 
involved no particular complex problems of public policy. Both the building 
of the roads and the building of the motor vehicles were passing re 
experimental phases. The use of the public highways for purely commercial 


purposes had not attained sufficient importance n the 
second period in the development of the as it 
exists today embraces the one of ‘rapid railroad b building, extending to abou 
1900. As the railroad mileage expanded, the use and necessity of the highways 
Py decreased to a position of minor importance. As transportation over public 
roads became unnecessary and unprofitable except fc for short distances, the 
‘building ax and maintenance of these roads were reduced to a matter of local 
importance only and consequently were left to the small political subdivisions, 
such as the county, township, and road district. It follows that from the ts 
middle to the end of the nineteenth century only a small proportion of a 
travel passed beyond the boundaries of local political subdivisions, and the _ 
administration and financial ‘Tesponsi ility for highway facilities 
‘thus narrowed down to such areas, © 
‘The year 1900 marks the beginning of the third period, w 
- ined by a very rapid increase in the us of the highways . As the automobile 
ca developed, it soon became e apparent | tha , transportation on the highways - ; 
i distances was possible, resulting in the creation of traffic that” ‘bore 
little or no relation in point of origin and destination to the political » areas 
th which it passed. Such traffic was of an character 


aa not with equity be assessed entirely against the local property owners, — 
— but that a certain part of the | cost | should be borne by the taxpayers at ae : 
: From. 1900 to 1920 the development of the highway was s somewhat similar 


various experimental stages as to types materi rials in its, 
As the volume of traffic grew, the wear and tear on the highways became more 


if in furnishing major highway routes was taken by the federal government. — 
was gradually relinyuished, until about 1856 all federal jurisdiction over _ 

y the national highway routes had been assumed by the states through which 
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During the two decades (1920 to 1940), however, rapid expansion of 
gh a improved highways occurred, and the perfecting of the motor-vehicle equip- — a 
<t | ment has given rise to a substantial volume of commercial operations on the huge Bee -_ 
ve |. highways. The competition therein afforded by highway transport has been ie eae: . 


a ‘In 1921 the highway mileage of the United States aggregated 2,924,505, 
of which 202,915 miles, or 6.9%, were under the control of the state authorities. 
- The total al mileage increased to 3,009,066 in 1930, of which 324,496 miles, or 


<. 10. 8%, w were under the jurisdiction of state authorities. _ Only 84,372 miles, 


.. Ne ‘aie cause of grave concern, particularly to the railroads, and it has seriously 


4 mileage, only | 14, 707 miles, or 17. 4%, were of the high- type su surface. ilevrand, * | 


Py 


Fee. 3.—Tue Competition AFrorpep By Transrort Has THE 
oF Grave CONCERN TO THE 
By the close of 1931, significant shifts had occurred in this distribution. 
he rural highway mileage had expanded only 110,388 miles, or 3.8%, whereas 


_ the state highway system had added 126,027 miles, ‘an increase of 62. 1%. 
= hon 12% of this increase in state  tailosies was caused by the transfer of 
! a bag local mileage to state systems, rather than by an expansion of the entire road - 
mileage. is also significant that by the end of 1931 about 74% of the 
— state highway system mileage was | surfaced, as contrasted with 42% in 1921. x 
More than 33% of the mileage in 1931 had high-type surface, as compared — “ 
commissio 
taken over the s supervision the construction and maintenance of certain 
‘county highways which, together with some road mileage previously reported, _ 


system of state highways; and at the close the 
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TRANSPORTATION — 

xisting mileage of. public ‘and state 
41,841 miles, distributed as follows: bet Yo. 


tates highw: stem (1938 


mileage under state control. “541, ‘841 | 


thi this mileage, 424, 791' miles, or 78%, have been surfaced. From the fore. 
x going data it may ‘be seen that the state-controlled mileage increased from 
- . 202,915 in 1921 to 328,942 miles in 1931, or 627%, and to 541,841 miles in ‘ 
1988, or 65% over 1931, and 167% over 1921. “Siti 

z _ _Estimates* indicate the total cost of the system at the e close of 1939, 


* 


placed the investment in = 
ways and vehicles used in inter-_ Period County. 
States at $24,232,000,000, as of 


the amount for 1939 being” 

The first appeared i in 1892, and from that time the growth | of 
‘automotive transportation and the development of the extensive highway 
=. system in the United States are coincident and interdependent. _ The record 


ro 4 increased to 8,000 in 1900, and to 55, 000 in 1904. 3 Of these 55 ,000 v aan, be 
410 were classified a as trucks and road tractors. — From this date, the number — ; 
oot automobiles classified as “passenger cars, taxis, buses, trucks, and road 
tractors increased annually to a total of 9,231,941 in 1920, divided thus: | ie 
peak of all motor-vehicle renchic in 1930, when atotal 
of 26, 545, 281 vehicles was recorded, of which 86. 97% were passenger vehicles 


ruc 


a“ 


th 


1940 was 32,452,861, of which 27,434, 979 were passenger 


2 ‘What Is Public Aid to Transportation?’ A gg and distributed by the Assn. of Am. 
- Estimates for periods up to 1937, inclusive, by Breed, Clifford Older, and w.s. Downs, eques Engrs. 
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percentage of motor had increased from 1.7 in 1904 to 14.2 in 1940. 
ve Passenger-car trafic i is fairly homogeneous as to both character of —¥ 


and variations in ownership and operation exist and various types of 


The number of trucks. engaged i in short or or private hauling over 
the highways is not accurately known. It has been estimated, however, that, _ 
of the 4, 590,000 privately owned motor and tractor trucks, "approximately 
1,807,000 are farm owned, 2,626,000 are privately owned and not operated for “4 
_ hire, and of the remaining, approximately 262,000 are common carriers and — 


- 395,000 are contract carriers. Approximately 86% of all the trucks oe, 


operated for hire, or under ‘aauling agreements. dna J 


TABLE Statistics; 1940, 1939, 1938, 


“Ea 
— 
State | gasoline tax collections—net* $870,692) $822,013) $772,060 
Registration fees for all vehicles 87 533| 340,061 
Fees for reds certificates of title, fines and penalties 4 407; 58,961) — 48,764 


Re 


— 
AND Gasoutne ConsumEp (THOoUsANDS) 


by federal government... . 


‘40 | Average gasoline tax (cents) per 307 | 3.08 
ie ey 11 | Average persons per vehicle in the United States*.......... 41 | 43 
Average car registration fee in the United States’... ... $11.67 $11.55 


« Plus fees, dealers’ | fines ait alties, and aviation 
pena 


_ & Motor-vehicle users in all states paid some or all o' taxes and fees inc eded under itenis 1 to 3. L~ L 


, a ¢ Includes trucks: 4,590,386 in 1940, 4,320,829 in 1939, and 4,224,031 in 1938 (see Table 4). std 
Item 1 divided by item 9. Rates for individual states from 2¢ to 7¢ per gal. 


« Population divided by item 5. 10.4 persons in 1921. 


goods, | merchandise, and machinery, to the heavy services 

logging» camps and ‘construction work. distances which these 
es operations occur vary widely. Common carriers and contract trucking oper- 
a aed are sch je acheduled i in runs of from 50 to 100 miles to more oat 1,500 miles. 
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“features commercial. operations until about 1930. Since that 
there has been a tendency to consolidate trucking operations throughout the a Se 
‘Under provision of Act of Congress dated August 9, 1935, the -common- 
— truck operators ‘and contract ‘operators handling interstate commerce 
are subject to the jurisdiction of the Interstate Commerce Commission, and ~ 
_ for the period closing with March, 1940, the Commission received reports of 
_ revenues, expenses, and statistics re representing 1,106 motor carriers of property. 
Table 3 shows motor-vehicle statistics for 1938, 1939, and 1940, compiled ‘ 
annually by Federal Works Agency, Public Roads Administration. Registered 
December 31, 1939, wereasshown TABLE 4.— —Recisrerep Motor 
in’ Table 4. ni golin As or DecemBER 
Information is not readily avail- 
able covering the financial status of — 
“the various trucking concerns, except _ 
through | the reports to the Inter 
state Commerce Commission, which 
‘show that for 1939 a total of 1,105 
carriers ‘were Teported as receiving 
gross operating | revenues aggregating 2. 
$425,373,099; and operating <b. 
of $20,663,530, divided thus: 82.5% - 
and 17. 5% by tor 


between cities $19, 209, 144 was local or suburban 


passengers, The net Tevenue | reported amounted to $20,249,003. 100, 000,808 


points for storage or shipment to (2) shipments of crude oil 
-Tefineries or marine shipping terminals by trunk lines; and (3) long-distan ce 

- shipment of the principal refined products from field or tidewater refinerie 

tank ter terminals. Pipe lines are classified as gathering and trunk lines. “The 
gathering lines are usually laid on top of the ground, and range in size to 
about 4 in. . in diameter, whereas the trunk lines are laid underground, ; Relow 


freezing, and are 6 in. to 8 in. or more in diameter. 
- The pipe-line mileage of companies reporting to the Interstate Commeree ay 


Commission i is equal to about 42% of the railway main-track mileage, and 


amounted to 98,661 miles in 1939, divided thus: 59,108 miles in trunk lines ae: 
$9,573 miles in gathering lines: 


The development of pipe lines marched side with the development 
oil industry. The first ‘success 


— . 
0. 
— 
— 
— 
ver 
— 
at, 
ely 
— 
ior 
ima 
— 
— 
— 
— 
— 
— 
1,885 
9,486 4 — 
on 
— 
— 
| 
ion 
shese 


_ the oil fields of western Pennsyl = 

a 4in. line, 60 miles long, was laid to Pittsburgh, ‘Pa. In 1892, Poe were i . 

_ about 3,000 miles of pipe lines in service, mostly 6 in. in diameter. These con- = ®% 

nected the oil fields of western Pennsylvania with the refineries i inthe Eastern fF 
tl - About 96% of the oil produced prior to 1900 was from fields east of 7 g 

Mississippi River. During the next 30 years this relationship changed and, 
aes ba by 1930, 66% of the oil came from west of the Mississippi River. In that year j 2 
- _ the states of California, Arkansas, Oklahoma, and Texas, together, produced eS 
a ka 


ls 1892 and 1914 there was great expansion in pipe-line construction, — 
and at the end of that period five Major companies operating in the mid- 4 
proton field had a total of 6,059 miles of trunk lines and 3,956 miles me 
‘ lines. This expansion extended into California, and five companies — 
operating there had lines aggregating 2,439 miles in 1919. 
Since 1920 the development has heen: part , of the growth of oil com- 
“6 _ panies. The numerous oil discoveries in the two decades 1920 to 1940 have 
ay - resulted in adequate oil reserves and the growth of industry in its many phases; 
., a the automotive uses for oil and its products, especially, has increased greatly — iI 
‘Until 1930, pipe lines were used | mostly f for erude oil, to 


more than 86% of all the crude oil in the United States. 
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seaboard and from fields to Lake and to Ohio, upper 

Mississippi, and Missouri river valley points. 

The transportation of oil and oil products through pipe lines has become 
y i, major industry in itself. In 1921, there was a total of 55,260 miles of gathering 

a, i 3 and trunk pipe lines operated by companies reporting to the Interstate oe 
aa a merce Commission. This mileage gradually increased to 98,681 miles in 1939. q 
= rea During the same period, the investment in the industry increased from 

‘a 000,000 to $829,646,000 whereas the operating revenue increased — 

$115,900, 000 to $212,466,000. For 1939, “expenses _were- 


ig 


q 


hundred of the 20, 000 surplus tank cars in 1941 to alleviate 
a a the oil shortage on the East Coast due to the National Defense situation. eel ‘ 
a a; interstate pipe lines became common carriers and were placed a 
3 oa es the jurisdiction of the Interstate Commerce Commission under the Hepburn - 
Act of June 29, 1906, since which time the authority. of the Commission has 


over thisindustry. 


* available as to the sahaies of oil products now being shipped by common and 
contract carriers over the inland waterway routes; however, statistics compiled 
by the Director of the Bureau of Statistics, Interstate Commerce Commission, 
ss E aie and published i in F ebruary, 1939, show that the railway revenue from trans- 4 
portation of crude petroleum and etr ol d ets r from 
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neds. _ In the past it has not been possible to compare relative cost of pipe-line 
transportation with railroad transportation. It is the’ general opinion | of 


comparatively small number of ‘employees ete wf On the other hand, the 
pipe lines are the only form of transportation tate the railways that do i 


re 


te Fie. 4. Transrortation or Om Has Become a Mason rea ann 


wet now receive subsidies from the government. ' The pipe li lines never 
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with heavier-than-air machines was born on the 
Kitty Hawk, N. Mes on ‘December 17, 1903, when Wilbur and Orville Wright — 
succeeded i in flying a machine equipped with planes and a small gasoline motor 
for a distance of 260 yd. The Wright Brothers continued their experiments, — 
and on n October +5, 1905, at Dayton, Ohio, they succeeded i in n making ‘their 


. miles, at a vind of 38 miles per hr. During the next 10 years many experi- : 
q ments at: e conducted i in this field, and at the Aying, Thi of the first 


A ments were made in technical equipment. — 
i, a Reger led to constant changes not only i in the practice but i in the ‘ein 
_ of flying, so that, when peace came, it was ‘expected that ‘progress would be as 


$287,027,000 in 1928 to $187,977,000 in 1937, tat 
creased from $206,438,000 in 1928 to $240,362,000 in 19: 
= 
_| 
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rapid as in wartime. The expected progress, however, did not 
es en materialize immediately, for at the beginning of 1926 many war experiences had — a 
not been fully digested, ‘nor their lessons properly formulated. joivde bed 
Aeronautics Branch of the U. 8. Department of Commerce was estab- 


. lished in 1926, and efforts were made to provide airways and aids to air My 
 . is navigation. _ The first domestic contract air-mail routes were established in pid 
Readies that year. Since 1926, this industry has taken the best of skill and methods _ 
aa Dia from older industries, and at the same time it has developed types of materials, h 


ca = devices, and methods best suited to its own ‘efficiency and requirements. — 


et Today, less than four « decades from the beginning, no industry is more alive to 
the possibility of technical advance, 


The development and production of airplanes have made ‘possible. a 
astonishing advance in the field of transportation, which probably has no 


“parallel i in the history of any other common carrier. It was in 1929 that 
at scheduled air transport pioneers first began to be operative. Once each day a j 4 


= oe 4 ‘small single-engine airplane took off from the the Newark airport (which ha had been 
‘ee < ae recently reclaimed from the New Jersey marshes) and made its w: way | ‘toward the 
ee acific Coast. It carried an occasional passenger and some mail. Today the 4 
ational air map reveals a great network of air lines, reaching from the Atlantic — j 
o the Pacific, and from the | Great Lakes to the Gulf of Mexico. These lines 4 
ormally fly almost twice : as) many miles as do the combined air lines of Great 
Me. Britain, France, Germany, Italy, and the Netherlands; they transport more 
‘passengers and more mail, and they surpass the air lines of any other nation al 
ae in comfort, speed, , and & safety. Within the same brief period of a little > more 
than one decade, the pioneers of air commerce have linked the United States id 
in scheduled air transportation \ with Hongkong, China, distance of 8, 
miles across the Pacific Ocean; with Bermuda, 784 miles from New York i in 
the Atlantic Ocean; and with Central and South America, 7,318 miles from ' 
a, | Miami, Fla., to Buenos Aires, Argentina. — Since July, 1939, the United States — 
has: established transatlantic scheduled air transportation. with Great Britain, 
Ireland, France, and Portugal, 3,437 miles. This service, however, has been 
interrupted i in so far as the belligerent, nations are concerned. ot A measure of 


i the p rogress of aviation is afforded by reference to Table 5, which containg ns 
4 

TABLE 5 —ProGress oF AERONAUTICS IN THE UNITED States 

| at 


Express (Revenue) | Passenger | 


257,443 7,772,014 | 25,141,499 103,747, 2498 173, 405 
| 14,188{178 32/700; 000° 119,517,263 265,164,059 | 3,185,278 


«Estimation, based on ton-mileage and tons handled in 1935. *Datafor1930. 


selected statistical It shows the progress of ‘civil aeronautics in 
Fe. the United States by calendar years, beginning with 1926. =. «© 


2 *“Progress of in the United U. 8. Dept. of Commerce, 
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Table 6 financial results‘ for all domestic air carriers for the fiscal 
year 1939 compared with 1985.0 
z# _ Up-to-date information is not readily available as to the private and public 
4 investment i in the air transport industry. _ However, the Bureau of Statistics, ‘a 
i Interstate Commerce Commission, reports | a total investment for | airways and e 


sireraft of $171,000,000 in 1937. os rile 0% 
Shiv. TABLE 6.—Operatine REVENUES» or Domestic 


8,814,296 16,669,197 


$22,042,545 | $47,810,802 | 
4 $26,264,961 $46,326,581 


$ 3,322,417 (L) $ 993,311 e 


and (3) substantial contracts. 
that the sum total of all public aids to this transport eye on a re cumultive 


_b asis to the present time e is mo more than $400,000,000. 

foregoing outlines briefly the history of ‘the 
- serving the people of the United States, and demonstrates that there is a large 
investment in each. It has 
impossible obtain comparable TABLE INVESTMENT IN INTER- 

information on the subject, ‘because TRANSPORTATION Factuities 


of the different methods’ that have ‘THe STATES (1937) 
oft Latte od 


‘in aceounting ‘maintenance ‘and 
investment. However, the total in- ould 
vestment in intercity transportation Steam exposes, and: sleop- 


Electric rail 
facilities as by the Bureau and 
iste and equipment 


Ment, pipe lines, airways aircraft. 


5 Mase of Bureau of Statistics, Interstate Commerce coamtiens submitted to House Committee ae 
and January: 24, 1939; on H. R. 2 1, Vel Pp- 26-25. 
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volume of traffic, measured by revenue ton-miles and 
ee 4 handled by the various agencies is shown in Tables 8(a) and 8(b) for 1939 as mM 
o compared with 1926. The data in these tables were compiled from the report — 
‘a an of the “Committee o of Six’”’ appointed i in 1938 by the President of the United — 
States to study the transportation situation, corrected to date. 
eee Study No. 3951, made by the Bureau of Statistics, Interstate Commerce — 
teak = Commission, showing the fluctuation in carload freight traffic compared with 
rt preduction for 1928 to 1938 inclusive, shows that the ratio of the actual 


7 eon ‘TABLE 8.—CoMPARISON or Trarric AND Rey 


Steam raiiways. 447,444 . 335, ed 61. 
Electric railways. . e's 1,313 2 
Great Lakes 6, 


508,567 L ~ 100.0 100 


a D= on ond I=: = increase. Intercity buses. « Includes Pullman a and empress ‘companies ea estimated 


tons handled to the potential “declined 
each year, with the exception of 1934, when the the percentage was one ‘point 
Re Up, until only 78.7% of the potential tonnage was handled in 1938, compared . 
_ The revenue of commercial carriers for 1939 compared with ott is 8 shown © 
i Table 8(c). From these tables, it will be seen 
of the steam railways has been declining, and that there has. ray a very 
- Substantial increase in the business of the inland water, highway, and | 
The changes in the transportation ‘ ‘picture” are very significant. What 
‘ 4 have been the causes resulting in the shift of passengers and freight from roe 
are: entirely ec economic. Passengers and shippers use he transportation ay agencies 
Offering the most satisfactory service at the least direct expense to them. The 
= xy, ig expense factor being equal, the service factor will govern. _ ‘The real question © 
= before the people, therefore, will be to determine whether or not the free laws 
¥ sa; oy of economics govern, and, if not, to what extent competing carriers should be - 
op controlled by public authority. It will then be up to Congress to find a yn 
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“a on In 1939 the railways paid 8. 9¢ of each dollar of revenue for taxes. Thisis 


_ an increase of 78% over 1921, and the trend is still upward. | In maneen Oe 


* railways bear the chee owning, ne and protecting their proper 


had similar taxes ond 23¢ for onning ond: main 


1939 


Millions | | Millions | % 
147 | 354 | 22341 
| 


100.0 $8,070 100.0 | $6,165 100.0 | 


for 1926. tit 4 Comparable data for electri railways not available. tia Waterway operation and motor carriers | 

nd 


- taining their properties, making a total of 38¢ per dollar of: revenue, which — 
compares with the 33¢ borne by the railways; eh bade 


right of ways or sandhied over which ther operate and no taxes accrue an 


_ All water carriers reporting to the Interstate Commerce Commission for 
1939 paid 2.7¢, and carriers on the Mississippi River System paid 2.5¢ per 
+ Motor r truck and bus s companies reporting to the Interstate Commerce Com- 
a8 ‘mission for 1939 show a tax payment of 7.6¢ per r dollar of revenue. - The taxes ae 
4 paid by motor truck and bus lines include gasoline taxes and license fees, a 
‘ large portion of which, plus other tax funds, is used for constructing, maintain- 
and protecting the highways over which the carriers operate. The govern- 
_ ment owns, maintains, and protects the waterways and highways for the 
benefit of the users, free of charge to them and’at public expense. — aedads 
ore] _ No portion of the taxes paid by the railways and the pipe lines is used by 
7 the government for constructing and maintaining railways and pipe lines. — 
_ These taxes are used for the normal Sending of government, including federal, 
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TRANSPORTATION 


revenue received and ‘paid by ¢ carriers to Con 


ANSPORTATION GENCIE 


‘Transportation (largely economic) growing out of the 


various transportation agencies has been sketched briefly in this paper. 
inland waterways, improved and maintained at government expense, are barges 
am 
Say ‘owned and operated by the government, by common-carrier operators, by 


contract carriers, and by private individuals or companies. On the coastal — 


a: Railways Highways | Waterways? 


466, ‘207,470,000 | 6568,481,000 | $110.551,000 | $679,082,000 
\Taxes "855,678,000 31,936,000 614,000 | 43,298,000 2,931,000 
3 |Taxratios} 0.089 | 0.150 | 0.002 | 0076 | 0.027 


© Taxes in dollars per dollar of revenue (item 2+item 1). _—_® All groups of waterways; includes Atlantic and Gulf coasts, _ 
4, Great Lakes, Mississippi River and its tributaries, and Pacifie Coast carriers. ; 


waterways, connected by canals and by the 
; are carriers whose operations are conducted under the fostering care Lt the — 
deities as common carriers and under. ‘contract, ‘and 
operated solely for the use and convenience of their owners. The commercial — 
q - airplane relies upon the landing fac facilities generally provided by public authority, 4 
and depends for its air operations upon facilities generally provided and. main- — 


ions. prove 
ca = can readily be shifted to other ‘Scenes, or they can go out of rrr 


1 


in the relationships of government. to a variety of the 

- types of carriers, and the all-exclusive groups of taxpayers and of consumers — 
welfare it is the duty of the government to conserve. 
It has been said that the railways are the backbone of the national trans-— 
joan system, but this does not deny that other forms 0 of transportation ; are ; 

essential, and in fact indispensable, to. the national economy and defense. 

e fs nS Certain fundamental problems might be stated thus: (1) To define the field a 
which each form of transport is to the other for wed 
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economy; (2) how services of form in its ‘proper 

_ sphere should be coordinated with the services of the other; and (3) to define — 
te the: extent to which government should i impose uniform -Tegulations on all 
‘ fo forms of transport, “and special regulations, peculiar to its character, on any 


one form.” incidental question is whether ‘government should 


_ _ portation field as it could under the conditions existing today. Their services — 
are already coordinated to'a considerable degree. Government, both federal — 
E state, has” imposed regulations to a very great extent, but “not equall 
upon the different forms of transport. TONGA: Masta. onda 
q The regulation of transportation has existed i in one form or another from 
s 7 ly | time when ways w re constructed by the aids of collective effort. In 

he United States it was not until February 4, 1887, that agreement could ie: 

_ reached in Congress upon a measure that purported to “regulate commerce.’ 
In effect, this first act was little more than a declaration of the intention to 
enter’ the field of railroad regulation. Tt created the 
Commission as an agency of enforcement. Since this humble beginning, the 
authority and powers | of the Interstate | Commeree Commission have been n 

Ms expanded gradually, until snow they are very broad and affect, in varying _ 

g degrees, the regulation of all forms of transportation, except airways. It was 

fp 


: known as the Interstate > Commerce Act, a1 and it has been amended many t oi 
\ Without commenting, upon the . changes : and amendments that have been _ma 


a 
q provisions of this Act bear spec ecifically on the p problems affecting atacampert Bor 
| Sees, ‘and are of vital importance to the national economy. Quoting Title r¢ 


“Tt i is declared to. be the national transportation policy. of the 


So Congress to provide for fair and impartial regulation of all modes of trans- — 
aul portation subject to the provisions of this Act, so administered as to = 
a ve recognize and preserve the inherent advantages of each; to promote safe, 3 ; 


| in transportation and among ‘the several carriers; to encourage 
the establishment and maintenance of reasonable charges for transporta- 
tion services, without unjust discriminations, undue preferences or ad- 
vantages, or unfair or destructive competitive practices; to cooperate with : 
the several States and the duly authorized officials thereof; and to en- 
, courage. fair wages and equitable working conditions;—all to the end of 
nee _ developing, coordinating, and preserving a national transportation system 
by water, highway, and rail, as well as other means, adequate to meet the — 
oti aed of the commerce of the United States, of the Postal Service, and of | 
_ the national defense. All of the provisions of this Act shall be administered — 
,. and enforced with a view to carrying out. the above declaration of policy. 


This is is the first time the Congress has recognized the necessity of déalitig ee : 
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There hes been no comprehensive view or proper of the interre- 
lation between the various agencies of tranaportation that we competing 


For the first time in American history, subject to the provisions of the Pe 


cee va the Congress is requesting a fair and impartial r regulation « of all agencies of 


transportation. The writer mentions this because airways are definitely 
omitted from the Act. The airways are kept separate from the others. This: 
isa is a mistake becguse it is impossible * deal fairly with a single | transportation — — 
_, Another provision, under Title I, Section 301, relates to the establish- ~ 
i Ment of of a Board of Investigation and Research, to be composed | of three 
‘persons, who shall be appointed by the President, for the purpose of inves- 


tigating and reporting, ‘upon the following: te Reid a 

4 The relative economy and fitness of carriers by railroad, motor 
Ps carriers, and water carriers for transportation service, or any particular — 


(Se classes or descriptions thereof, with the view of determining the service § 


“goad _ by which each type can and should be developed so that there may be > 
a national transportation ne Basta to meet the needs of 


‘ep ” _—" within the territorial limits of the continental United ‘States, of each = 
of the three types of carriers without adequate compensation, direct or 


i indirect, therefor, and the extent to which such carriers have been or are 


ie aided by donations of public property, payments from public funds in bs 

tid _ excess of adequate compensation for services rendered i in return therefor, 
i (3) The extent to which taxes are imposed upon such carriers by a 

“ai the United States, and the several States, and by other agencies of govern- _ 


including county, municipal, district, and local agencies.” 
The national transportation n policy and the eeivialoes of the Act to make 

= such a study as outlined are definitely r related. The policy i is to be “so. adminis- 


tered as to recognize » and p preserve the igherent advantages ‘of each.” ” What is 4 
” 


fear a E for which each type of carrier is especially fitted or unfitted; the methods 


meant by “inherent advantages”? Would not the words “relative usefulness” § 


be more appropriate? .- The ability t to ‘serve all of the transportation needs of | 
Nation in all seasons Dead all conditions should be an important 


for f ull community needs. Itis hoped that in administering the 
“yardstick” will be applied that will recognize these facts. 42K eet ; 


The policy i is to promote “‘safe, adequate, economical, and efficient 


— and foster sound economic conditions in transportation . and among the 
several, carriers. The terms “safe, adequate, economical, and efficient” 
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ment aid to some forme of of transportation? 
would appear that, under Title III, Section: 301, of the J President’s 
"Board will be expected to weigh all of factors affecting the economies of 
tion—those borne by shippers and borne by the taxpayers. 
The national transportation policy is “to encourage the establishment 
maintenance of reasonable charges for transportation services, without unjust 
- discriminations, undue preferences ¢ or r advantages, or or unfair or destructive com 
petitive practices.” If fair and impartial application i is made of these prin 
“sf ciples, many o of the important factors that are ‘effecting chaos will be eliminated 
_ The declaration, “all to the end of developing, coordinating, and preserving © 
a national transportation system by water, highway, and rail, as well as other 


there adequate to meet the needs of the commerce of the United States, o 
- the Postal Service, and of the national defense’’ is of interest. It is the opinion 


of many that at there are too many transportation facilities. The national tran 


. burden is now at its height, for that reason. The three agencies: 
mentioned are more than adequate to meet the ‘needs of commerce, and the — 


it 


government continues to develop more facilities by water, highway, and ; air 
What about national defense? The railway is indispensable, as has been testi- 
fied by competent Army. additional facilities are necessary for this: 


"Purpose, a a much greater capacity ¢ can be developed for the least expenditure, in 


engineers in . charge of waterway investments, from the beginning, h 
on "given little consideration, if any, to existing facilities, when contemplating the 


all of the many « factors this ‘problem. 


ak This paper will 1 not be ‘complete without brief discussion of 


Research. — ' Among other things, it will be authorized to ascertain, if possible, ak 


“The relative economy & and fitness of carriers by railroad, motor carriers, a and es 
water carriers for transportation s service, or any particular classes or descriptions 


_ _ thereof, with the view of determining the service for which each type of carrier fe 


is especially fitted or unfitted. ” One of the most important f factors to be con- — 


: _ sidered by the Board will be the actual cost of producing: transportation by these é 
a types of carriers. This will be most difficult, if not impossible, to accomplish. __ 


cost engineers an and the 


require hen appli ies of com a con 
= may be vague s that all ditions’? in 
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a have not been | comforting. eon may be more e than. one e method of ‘ 
es approach to this problem. The one that has been sO complex and difficult is 
tes determine what it costs t to transport persons and property (classified as fo 
Ref, commodities) by the various transport agencies w ithout regard to »theamounts 
ee paid by the users. This method meets with very serious handicaps, because. of 
the impossibility of determining the costs as applied to individual persons and 
various kinds of property. This would be particularly true in 1 connection with BS y 
"railway, waterway, highway, and airway transportation, il and gasoline con- saa 
- stitute the major part of property transported in in pipe lines in a fluid form, which, a 
of course, simplifies the problem of cost finding. _ With the railways, waterways, ahi 
5 highways, and airways, all of which transport many classes of commodities, the is 
Ba problem has not been solv ed. I It naturally follows that, if this. method of 
: oS approach is used, it will be necessary to determine | costs applicable to passenger, am 
e mail, and express; costs of 1. c. 1. (less than carload- lots) packages of all sizes in 


= 


operating conditions as may ¢ obtain the United States. 


ns All transportation agencies | are . competing for business by means of a pricing i 
system and service offering that have resulted in dividing the potential traffic 4 


among the v various agencies. Records: are available of the revenues and ex- 
~penses f all common car rs s reporting to. public authority. differential 


between the total revenues and total expenses of the carriers is so narrow that 


; the price paid by: the shipper might properly be considered as the cost of trans 


amount of government aid,  partioularly’s in connection’ with the highw ay 
. Anumber of studies have already been ede : 
for the purpose of finding out if the commercial users of the highways = 


pay ing their full share. The highway carriers claim that the various tax levies 2 
__ plus gasoline taxes more than compensate for the use of the highways. | —. 
_ railroads do not agree. When the total of public aid contributions i is added to Sy 


the total amount of the carriers’ expenses, or the total amount paid the carriers — 


the shippers, it should not be difficult to the relative totaleconomy 


point out which form of teansportetion was the most economical and 


factory to the users. The elimination of government aids, except for experi- 
ie: mental, promotional, and defense } purposes, would solve the problem now so re 
itally affecting national transportation. Therefore, it seems logical that the i 
President's s B Board should do is to Gevelop, carefully, the 
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amounts of government : aid now reflected in the ous of commerce 
~ tion in all of its forms. | Much has been accomplished already i in this respect. 
me Joseph B. Eastman, when federal coordinator, evidently had in mind th 
i importance of the question of subsidy, or government aid, to the various trans- 


agencies when | he undertook to prepare the four large. volumes of 
“Public . Aids to Transportation, ” which | ‘were begun, through his Research 
Section, i in 1933-1936, , and later completed and issued by the chairman of the | 


Interstate “Commerce Commission in 1940. contains a great 


wealth of valuable information, together. with comments ‘and conclusions. 
Int October, 1940, J, ‘Pelley, President. of the Association of American: 


released a reply entitled ‘ “What Is Public Aid to T 


Credit is due the Association of American Railroads; Brookings Institute 
‘The American Transportation Problem”); Federal Works Agency, Public 
Roads. Administration; Interstate Commerce: Commission; Office of Chief of ie 
_ Engineers, U.S. Army; U. 8. Department of Commerce, Civil Aeronautics Ad- bg 
‘ministration; and others for information contained in this ‘Fig. 1 was 
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4 
n analysis ot the data contained in Mr. Hastman 8 report, and points to 
stencies that render the conclusions incomparable, confusing, and misleading , it 
hy 4 _ Here are the results of two studies that have a direct bearing on the future ae i 4 Ls iS 
of the President's Board of Investigation and Research, and it will be well 
 -§ for all who are interested to study in great detail the information contained in oe 
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Lavis,* M. Am. Soc. Cc. E.—The author merits ‘the thanks of all 
bens interested in problems of transportation for having presented such 2 
comprehensive and statistically well- fortified review of transportation 
’ ee ~ ments during the last century, as-well as a broad picture of the internal trans- 
system of the United States asitmowexists.§ = 
Too many people have only & narrow and | _Meager comprehension of the 
i aia problem which, as the author states in the “Synopsis,” is ‘one “80 ‘vital 
and so far-reaching that a sound national economy may depend on its solution. mo 
sy The author has painted a fair and unbiased picture of the entire situation. a 


a ; Be 4 He only alludes very briefly, how ever, to the vast number and great importence — 


 . of the many indeterminate factors that prevent. any ‘reasonably accurate de- 

3 ee termination of relative costs of transport tation by most of the facilities in 


What is the value of the property used by the railways? How can 
_ value be determined? What are the costs of highways—original cost, recon- 4 
a = struction, and maintenance? | How are the costs of providing and maintaining — 
- +a highways to be distributed among, through long-distance traffic, local freight ; 
- traffic, and ordinary automobiles used for Seedinias: for pleasure, and for access _ 


are ‘the effects of ‘curvature, varying ra rates of gradient, rise and fall, 
“ 


4 
a 


“ a separation of cross traffic, ete? Should drivers of motor hearers who benefit 4 

by improvements pay a special tax for them? 

‘What part of highway costs may be chargeable to military use? 
_ How do railways or highways or even waterways affect the values 0 of ‘a 

or more or less near-by, properties? To whom do accretions of value 

& FF For instance, on a highway like Route 25 in New Jersey through — 

Jersey City, Newark, and Elizabeth, how much of its cost or value should be _ 

allocated to traffic between the remainder of the United States and New York, 
how much to the State of New Jersey? How much are the cities through 

which it | passes benefited by having this traffic taken off their streets? = + 

ieee proportion of the costs of the Westchester parkways should be borne 3 

by) the county, the state, and the City of New York? Should the traffic which © 4 

‘uses these parkways, and thereby saves time, tires, and gasoline, pay apr pro- 
es 3: = portionate part of their cost? A large book could be written about these and 

other questions and difficulties of determining costs of transportation. 

os oe The associations of highway builders and users have proved to their own 
a satisfaction that all highway costs are covered by taxes paid by their users. 

‘The railways have proved equally conclusively (or with equal ignorance) ct 
this is not 80. The truth is that neither knows. ANT 

: ie. Table 7, as ; give en in the ps paper, “might easily be misinter preted either | be- R 
ein . of lack of thought or wilfully. There, it is shown that about 90% of the | 

total investment in intercity transportation facilities in United States is 


distance, smoothness and width of pavement, separation | of lanes of traffic, ¥ 
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ON TRANSPO RTATION 


railways and hah wate; being divided about between the two. The 
= point to be noted, however, ist that the : railway plant i is purely a transportation — 
a i machine whereas the highways are in a af a fairly large. degree ways ys of access to a 


lands and, in not a few instances, adjuncts of recreation. 


. It should be em hasized also that railways perform a service i in moving 
bulk freight and large numbers of passengers that cannot be moved by 


“could not exist as a nation even in of peace. For war, of ‘their 


The author points out one step that may | be ‘the 

‘mination, with some approach to accuracy, , of the amount of government aid ee 

affecting the provision of transport facilities and costs of transportation. 


‘That very likely may beofvalue 


He suggests (see heading “Transportation Costs’) that “Tf ‘all forms of 
government aid were withdrawn from commercial transportation agencies, 
economic laws would soon point out which form of transportation was the 


most economical and satisfactory to the users.’ F ' In theory this i is right. In ae =aé 

Water transportation is mixed up with flood control. Air transport 
Ss. been a 4 development of incalculable benefit to the United States and to the 2h 
i. world, if it is conceded that the world, and transportation in the world, must 
a advance, — The construction of highways is strictly a a governmental | function— 


national, state, county, and municipal. Highways: must be built with “public 


7 There remain the railways, ground between the millstones of demands of © 


_ organized labor for oe wages, regulation of rates by the government and, 


The President’s Board be. able to arrive at a fair of costs 
by the various different forms of transportation but this is doubtful. 

‘The war has shown, and 1 will show more conclusively, the absolu eS 
‘a both railways and highways in the United States. The highways will be taken sae 
3 careof. The users, and that means the pote generally, will see to that. T The ee 

is the suggestion of the writer that the President’s Board concentrate 

_ @ problem which can be solved—the maintenance in the United States, not of a 

governmentally owned railway system but, of a railway system that will pro- by 

-_-vide efficient service at the lowest cost consistent with financial integrity. ee 

J. Hon. M. AM. Soc. C. E.—This timely and informa- 


= 
never before | sO. pressing. The array of pertinent facts and data i is 
z pressive. _ To them, however,: it would seem well to add others essential tothe 


ymptoms of a bodily ailment before announcing its causes and the 
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WILG US ON T 7 


know thyself, is s to be heeded in this if genuine success is to attend the effort. sie 
The physical and financial aspects of the problem are not ‘alone to be « con- <a 
sidered. | There i is also a psychological aspect that plays an enormous part in 
a the interplay : of forces bearing o on the movement of persons ai and property from , 
; cae. = to place. _ Man, by his very nature, prefers to do things for himself when 35 
et _ thereby he may gain convenience, time, pleasure, and independence, as in the b 
‘use of the motorcar. . Then, too, , there i is his inborn u urge to escape | from what 
et deems to be the exactions of corporations dominated by unconscionable 4 
“high finance,” so recently revealed at Washington.* Again there is his 
feeling: that his products often may be moved to markets by highway and a 
waterway ‘at rates he can afford to pay, , when they would remain immobile 
- were there no such escape from shipment by rail at higher rates. In this | r 
2 i attitude he is ignoring the countervailing fact that he must look to the railroad nf 
on for never-failing se service when its con competitors are locked i in ice and snow. ae: 
he shrinks both from the subsidizing of tax-burdened railroads, copiteitied! ab - 
they a are by the “high finance” he fears, and the withdrawal of aids to their 
i ey rivals with resulting higher rates t to be borne by him, even though he recognizes 
a the unfairness of favoring one and not the other. Finally, there is his com 
-viction that, were it not for competition offered him by highway, waterway, 
oe - airway, and pipe line, he would be powerless to secure by rail the rates and TZ 
service he now enjoys, or is striving to obtain. The argument that ; through — 
tell taxation he is: paying, indirectly, additional sums for these advantages is to 
a him an abstraction that “leaves him cold,” as does the other argument, well — 
founded though it is, that the i increasing of his traffic from the rail- i 
2a ae roads to their subsidized competitors will in the end land the railroads, ex- 
hausted, in n his lap. are human attitudes that cannot be ‘ ‘poohpoohed.’ 


upon staisti- 


- diverse interests and varying in their financial status from the wofully weak to — 
_ the excessively strong. Collective statistics for all of them are not applicable ~ 
_ individually to their widely differing members. ‘Their lack of f managerial unity q 
"i may be compared with the original thirteen states before they were federalized J 
in 1789. _ They are without a compelling head to direct their efforts impartially y i 
tag for the common good—all for o one and one for all—the strong to assist t the v weak, — 
each being equally necessary for the public. good. In the absence of 
fast their development as a whole has been checked, while their rivals are advancing. _ 
Highways are e being extended and improved ona vast mle; waterw vays, often 


__ ‘ * Senate ‘Rept. No. 25, 76th Cong., Ist and 3d Sessions, Pts. 1 to 27, inclusive, and Senate Senate Rept. No. 0. 26, 
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- airways a are in the picture with promise of great. things | to come. 
4 - lines, sight should not be lost of those dev voted | to. the movement ofp 
and powdered substances in fluid suspension, as well as oil and nk men- 
_ tioned by the author; nor should the effect of electric transmission lines on. the 
movement of rail-borne ¢ coal be ignored. 2. oils ty 
th considering the development of transportation affecting the redistribution 


time of war, all of these interrelated means of movement—railroads, high- 
yt ways, waterways, § airways, pipe lines, and transmission lines—should, of course, — 
- be given heed. The railroads, in particular, should be given consideration in 

glance at the » of Class 'T railroads will disclose that their 
wa property investment from 1916 to 1940 (each of these years preceding the entry — A ae 
of the United States into war) increased from 17.6 billion dollars to 26.3 billion — 
pe dollars, or nearly 50%, and the: stockholders’ equity in the hands of the public, a, 


in excess of the funded debt, cram, say, 8 billion dollars to 16 billion dollars, or — 


q ed relocation of industry, internal and foreign trade, and the Nation’s safety — ne 


* denroaned from 647 million dollars to. 189 million dollars, or 71%, while cash, ee 
sy actually disbursed in n the form of dividends to stockholders with which to buy 7 
their bread and butter decreased from 306 million dollars, or 4.4%, to 159 
million dollars, | or 2%. their equity, including the additional 8 billion” 
dollars of ‘ ‘venture “capital” which had “plowed back” and otherwise 
‘put into their properties, their dividends dropped from something like 4% to 
a little more than 1%. these meager dividends were not earned inthe 
s years from 1931 to 1939, inclusive, during which the deficits thus incurred. BA 
i, The results of thi his unha un happy picture are reflected in the money marke 
a the railroads’ aggregate property investment. in excess of 26 billio 
> 10 billion hie ag the face of this as in values it is easy to understand 
why pre-depression gross capital ¢ expenditures ¢ on Class I railroads, averaging 
upwards of 800 ‘million dollars per annum, dropped to an annual average of 
276 million dollars during the 10-yr period from 1931 to 1940, inclusive. The © 
a plant as a whole, therefore, could not hold . its own in a sharply competitive — 
field in which a billion dollars of new railroad investment annually, -secording, j 
to competent authority, was deemed | necessary for that purpose. Between 
4 1916 and 1940 total railw ay line mileage has retreated from 254,037 to 233,670. ie 
zt In the service of Class I railways, locomotives have decreased in number from: 
«6 61,332 to 41, 721, although their tractive effort has | remained the same; freight: 
cars from 2,253,233 to 1,653,663, and in tons capacity from 92,280,335 to 
«82 722, 361; and passenger cars from 82, 179 to 37, 817. From 1930 to » 1040. 


on w what may be termed the routes. ‘much more extensive 
— mileage of lesser main lines and branches patronized by an inarticulate —_ 
has borne the brunt of 
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Sao constantly lessening return on his vastly enlarged investment, the other in- 
‘  terests involved (managements, including the interests that control them; labor; b 
shippers; and the general public) have had rewards. As has been 


4 |. Despite | as manifested by a remarkable growth in 
the efficiency of operation, the development of railroad transportation therefore 
not been upward; nor are the results of the present war-time boom to be ‘= 4 
‘oa taken as the mark of a permanent change for the better. In the words of wy g d 

ae Ernest E. Norris, president of the Southern Railway Company:* 
@ Ra “We can foresee the thin trickle of traffic that will flow from post-war ze I 
readjustment. We can divine the savage competition that the railroads: q 
ay ue isp will face for every ton of that traffic. And, without stretching our imagi- 4 I 
nation very far, we ean visualize the devastating effects of these two 
certainties. We can see revenues declining; expenses frozen; profit a 
‘at dimming memory; capital stoutly—and rightly—refusing to invest in 
dustry faced with government-nursed competition.” 
In this it should not be forgotten that, although the owner has a 4 
8 


~ 
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said by an authority in the railroad field* 


“Railway management cannot boast it is doing we 


- job as long as only about one-sixth as much net income is being earned — 


ae = 7 Ash for railway stockholders as was earned for them i in the decade before cae 


i 
| 


As the evident points to the impossibility of Tailway management 
= a doing the “good job” with no “prince” ‘in sight to rescue its “Cinderella, ” the 
conclusion is inescapable that the railroads in their entirety cannot finance the | 


necessities essential to their | continuance as in 


pression and unemployment in which it has so long reposed, large additions 
to. railroad plant and equipment would be needed, and 2 per cent isn’t — 


 .- wil enough earnings to attract adequate capital. — The railroads need a new ; 
y es ” bari program to supplement their ‘ready’ theme; and one which will hold out 
; oe some hope to railway owners. hy should these latter wish to avoid 
a wre, ae _ government ownership, if private ownership continues indefinitely t to give 


Rens aie tot Now war is here, with the Nation’s transportation situation in what may 
‘prove to be “a tight corner.” The failure of the railroads to obtain materials 
constitutes “the greatest and most imminent danger that threatens the pro-— 

vision of adequate and efficient railroad service during the remainder of the 


q 
present emergency.” The President’s Board of Investigation and Research, 


referred to the author, has been injected into an interterritorial rate con- 
 trovers uite foreign to its A health 

=e y q gn to its purpose.” An unhealthy increase in passenger 

- ‘and freight rates is imminent. — Demands for trained personnel, materials, and 


*. equipment on an enormous scale are in sight for service overseas, in respect . 
which the United States is totally unprepared. 


“Railroad Data” from the Eastern Railroad Presidents Conference, November 21,1941. 
Editorial in the Railway Age, 
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4, “RASTMAN | oN ‘TRANSPORTATION 

ER The writer, under the circumstances, sees no reason to the views 
a ‘expressed in 1939. “They point to a way in which, as he believes, the 
davalopment of railroad transportation may be checked in its dangerous 
downward course and moved upward as. befits t the times. day has 
a gone by for more investigations, further Teports, and lengthy studies when ee 
; Pate i is knocking at the door. Action is what is needed, and that coed 

_ Much responsibility for this action lies i in the hands of the newly appointed — 


a Director of Defense T: ransportation. ek ae 


Joserx B. Eastman,’ Esq.—Some of the problems treated by Mr. Teal 


rs . = not quite as simple as they seem. . For. example, when it comes to deter- 


point i is to determine in what each form. of Pra 
ay portation can serve best--what particular kinds of hauling they can do better — 

BS than some other kind of carrier. _ Now that involves quite a detailed study. 3 ; 
There are not many short-cut m cathe ods that will yield that answer. It re quires 


a long and very study, and the great is that the picture 


_ That part of the tee Act of 1940 was i taken — a bill drawn 
St by the writer in 1938 for the creation of a national transportation authority ¢ 
a (Federal Transportation Authority), and at that time he had in mind a perma- 
nent agency that would be studying these questions all of the time—not 

necessarily making big reports on them, but applying pressure here and there, 
a exerting influence, and offering advice wh where it is oe it would do the 
Asa purely organization, directed to a comprehensive 
el study of this question. of relative costs, the President’s Board will encounter 
some difficulties before it ‘completes its work. Public aid to transportation i isa e > 
problem that could be discussed all day and all night. _ The writer has produced — 


@ 


@ 


o 


a 


o 


They do disagree most emphatically with respect to the highway carriers, oe a 

there are many questions ° which are not only questions of fact but questions ne fe 
The question of whether it is possible to reduce the number of trackage 
iles, for example, between Chicago, Ill., and Cincinnati, Ohio, i is a very large 
_ There is no doubt whatever that if ‘the railroad systems were operated as 

se unit and the traffic were directed over the best routes between the important 5 

Pag points, considerable money could be saved. There are some objections to that 
ve possibility also. The four lines of railroad between Cincinnati and Chicago do 


4 “Nationalization of the Railroads?” by William J. Wilgus, Civil Engineering, October, 1939, p. 593. 
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“would noi appreciate it if their service were abandoned. 
An elaborate study of this problem was made under» “Prine 
_ plan,” which would combine the railroads into seven 1 systems—two i in the Bast, . 
in the South, and three in the “West—and change the routing of traffic, 
- concentrating it in various ways to obtain large savings. A group of railroad 
and traffic men investigated that plan for the writer when he’ was 
federal coordinator. Whereas authors of the plan p put the ss savings at about 
~ $700,000,000, that ‘committee reduced it to something like $250,000, 000. 
_ There is no doubt whatever that, in connection with any such plan, 8 large ; 


volume of objection would arise from the public in various respects. bg dotate 
such a plan would leave Baltimore, Md., served one railroad 


by at least four, a 
arrangement would cause objection. at points located on 4 
what would become secondary railway lines under such a Plan | as that would © x 
complain: because they were removed from the main arteries of commerce. — 
It is not a problem that can be dealt with simply 1 without considering: all'the 
-yarious angles. The writer feels that there are important savings that could i 
be. made through consolidation of the railroads, combined with coordination 
(that i is, ‘cooperative effort in places where their interests are in ‘common, such A 
eg is - at terminals), and at the same time preserve and probably improve the 
‘eee to the public; but as he found when he was federal coordinator, this is a 
Er J. L. Camppett," M. Am. Soc. C. E.—The paper presented is a valuable 
historical review of the development of transportation by railways, waterways, — 
highways, airways, and pipe lines i in Continental United States. 


of need and capacity, extensions or enlargements, costs, competition, regulation, 3 
We and coordination of transportation services. ig Out of right settlements or 


adjustments of such issues, unified, adequate, cooperative transportation on 


- would flow at fair costs promoting national prosperity and welfare. 
Developments of transportation on the highways and nd the airways are 

2 fluid status making probable n no ) early ‘sound and adequate solution of the ; 
entire problem which should be aya ay a commission composed of wert 


railway the major part of 


J 


Such aid lies within the ‘diseretion of the Interstate Commerce Commission. — F: 


ie Inte terms of "volume, value, and indispensability, railway transportation — { 


towers above its competitors. It is the transportation 


= 


pet that the backbone shall not be broken or incapacitated in the major service 


re it must render. As between railway transportation on one side and waterway 
= highway transportation on the other side, regulation and — 


PF a ae other forms should be adjusted in equitable relations and fair competition mn 


Fines that are not served by the others, and people at those ports, Of Course, 
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CAMPBELL ON ON TRANSPORTATION 


have been unfairly adverse to transportation by railway because transportation 
_ by waterway and highway has not paid the full cost of its service and has not = 
been / Subjected to the rigors: of railway regulation. Regulation should cover 
fairly all competitive transportation. COMO 


_ While the trend of railway revenue rates has been. down 
in 0 status 8 quo, t the trend of unit costs of labor and materials used by th the pote 
as been upw ward hyn 1920, there has been growing diversion of traffic 


now rbaneresitt and the remainder of it is unable to ear a fair return : 


is “upon investment except i in ‘periods of abnormal traffic of great volume. vale or 
normal traffic, railway revenue is generally below railway expense. nl 


; e result is largely d due to too much limitation of railway revenue by fiat of la 


and dicta | of the Interstate Commerce Commission. be railway dividend is 
now almost a curiosity to be placed under a glass case in the Smitheonian 


hy volume, excellence, and relatively low cost of transportation, the Ame 


can railway system is unequaled anywhere. It has avoided complete ship 
wreck and has continued operation as private ‘enterprise under 


yar 


regulation by improvements ‘and efficiencies in its plant and service which 


have reduced cost of transportation and partly bridged the gap between 


_ Tevenues and expenses. Tt is probable that a point would be reached beyoni 


which the cost of additional improvement and efficiency would widen rathe 


han close the gap. It is improbable that inadequacy of revenue can be os 


- completely and permanently eliminated so long as revenue rates are frozen at ie 


and unresponsive to economic ‘conditions. Unless the rates are substantially 


maintained i in such relation to cost Pes service as will assure a nubs to 


ship and operation. Thereby, the the record indicates cost of transpor 


i ¥ 


Commercial traffic on the highways being so and highly competitive 


om with 1 railway traffic should be ¢ closely coordinated with its competitor and be 
; subject to the laws ‘controlling railway transportation to the end that regulation 
of railways and highways as commercial transportation agencies Shall 
common and equitable to both. ‘Multiplicity of transportation agencies on 
the highways retards rather than expedites traffic thereon. In. ‘so far as ‘the 
public interest and convenience are promoted thereby, ‘commercial highway 
traffic shi should be conducted by the railways. 
Lbs The national system of highways came into being by the simple ¢ and rela 
tively inexpensive process of covering the surface of existing wagon roads 
_ with some sort of pavement, the alinement of the roads having remarkable i 
similarity to the meanderings of the | cov vered wagons of ‘the heroic days 


¢ W estward Ho. _ The result is a system of paved highways which, in alinement, | 


gradients, widths, and paved surfaces, is ‘distressingly and dangerously in- 


adequate for the volume speed of today’s highway traffic. Only 


Be beginning has been made on necessary nation-wide reconstruction of this 
system to standards indispensable to highway of today and the 
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CROSBY ON TRANSPORTATION 


is a job w which, when will. cost vastly — 
more than the original paved roads. 
Transportation on the Great Lakes being on 
a ‘the oceans is the most economical transportation within Continental United ‘a 


= Mies ‘This is not true of the rivers and canals whereon ton-mile cost is 
more than on the railways. Relative to the railways, rivers and canals are 
he in number, limited i in mene, | non-elastic in location, and incapable of 

of the country, 
q i 

“rilways have surplus capacity more than sufficient to carry the tonnage " 
carried on the rivers and canals. AN transportation requirements could be © 

"served without the rivers and canals. _ That wou would be impossible wi without the: " 


vast expenditures for navigation on rivers and. canals 


In general, 


E 
been made without economic justification, Such expenditures 


A vital function of river channels is to carry away the flood wets of the 


The drainage capacity of these channels should not be diminished 


dal Waterway transportation should be ‘required to raise its service rates 
sufficiently to cover total cost of plant and service and yield a fair return 0 ai 

ea investment so that its competition shall be fair to its competitors who must 
_ fix their rates as described. This also applies to airways pipe lines. — is ity 4, 
airways are too young f for final conclusions ma 
Ww. W. Crossy,"* M. Am. Soc. C. E.—In this paper the ‘gu has set 

Gy ga. most interestingly, many of the facts regarding the ‘appearance and © 
growth of the Various facilities. ‘He sta states that under present conditions all 
are competitive and that “unfair competition” has resulted. From purely — 
financial viewpoints many observers would have the same view; but that is 4 


~ not the only aspect that should be considered in attempting corrections of the “ 


_ The Seveleoetat of beset had a basis of regional interest besides the 


on . has developed from a national, if not international, interest. The interest — 


a fe operation (and possibly by some regulatory action), a more fundamental dori ¥ 
must be sought. "Legislation against the developments o of applied science is not 
—_ the American way to protect the Nation ; nor is it even in the financial interest. 
>. national welfare as well as as for 


— 

= 
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__-Vividly to mind during the great 1937 flood on the Ohio There is some 

— @gnflict between flood control and navigation on rivers 
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tly All throng the warp woof of highway development | have run 
met threads as “taking the farmer out of the mud,” “all-year roads,” “farm-to- 
on i »” “express ways for faster traffic,” and “safer and 
ed ‘commodious highways.” A very few suggestions of 1 interest occur. 
One was indicated by Congressional provisions for the national roads: 
are 
of 
vi The writer believes that careful proven that even these latter a 

als than otherwise, and it occurred : as an rather than as an 
for national benefit. Hewes, Soc. E. » has stated 
ed | linking up, for long-distance facility, of existing roads into a “Pershing Map” 
tht E. in 1922. A revision of the Pershing Map was made in 1939, and was there-— os i 
after called the “Highway Map Showing Main Traffic Routes of Military 
portance.” Another revision was made under date of May 15,1941. 
bes < 7 _ Then Mr. Hewes states that “These main routes are intended to connect ; 
ee all important foci of actual or potential importance for defense. Clearly, the 

4 
. = 4 strategic net is used much more by civil than by military traffic.”’ The fore- 
a going quotations seem to the writer to support | his statement preceding them. 
Fi 


With the possible exception of the “Harrisburg-Pittsburgh Turnpike,” the: 3 


: a writer remembers no highway in the United States that has been originated ky 


from a conception of the national, or even of & major regional, interest. 

all g 7 and Germany did do this many years ago; but the results so far obtained in — 

1 the Unites States have come merely from piecing together local roads built 

"e ; | local ends and from narrow conceptions of what would gratify local or small | 

regional desires. federal influence has not bee een exerted effe ectively. other- 

wise, and even as late as 1941 federal agencies seem to have continuously dis 

further fact in explanation of the insufficiency of present improved high- 

fi- _ ways in National Defense is that the federal road authorities have clung too 

gh | _ long to their announced principle that “the improvement of a highway is s solely 

ort 2 é: a justified by the savings in transportation. costs.’ ” Another fact may be that 

“ws state highway authorities too often have been concerned mainly with the in- = q 
fluence of highway expenditures on votes. writer already has emphasized'® &§ 
that this criticism is not directed against engineers as such times, how- 
dy ae The author states (see heading “Investment and Traffic”) that the ¢ causes 
ot of “The changes in n the transportation ‘picture’ ” have been “fn the broad 
sense, * * * entirely economic” —that is, “satisfactory service at the least 
he direct expense.” Does he not go too far? The writer thinks that Mr. East-— 
17“Better Highways for National Defense,” by L. I. Hewes, Civil Engineering, January, 1942, 


Transactions Am. Soc. C. E., Vol. 102 (1987), p.1115. 
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by the author) h has showed® a more complete understanding when 


and even the foibles, of the which is being served.” 
As the writer has contended 1 heretofore, too great reliance has been placed — 
4 oe in highway matters on mathematical formulas, financial returns (real o or figur- Be 
sy able), local political influences, and personal ambitions, with not enough rea-— “4 
Ret: sonable regard for convenience, _ safety, and national interests. He does not wi 


4 believe that the durable solution of the desired coordination will be found in a 


“transportation costs” alone. If “‘convenience”’ is to be considered, it may even 
oes be that highway competition with railway facilities will be increased. ‘‘Tech- ak 
‘ ep nocracy” has its appeal to the scientific mind; but as such its further reasoning ; 


he ent 
oe undermined long ago by the truths of Kipling’s “Imperial Rescript.” NS + 


Coordination is needed today. It is even indispensable. The author Oe 
mentions this but seems to believe that the “coordination” desired is the : 
subordination of other forms of transportation to the financial benefit of the 


4 Neither the history of the railroads nor the developments of 


Recently ¢ the “had the occasion to mention to the National 
er. - Planning Board an instance of deplorable lack of coordination under his per- 
aoe sonal observation. The reply, dated September 19, 1941, was that “un- — 
fortunately, co-ordinating machinery for an over-all transportation approach 
Br. (to the local problem) does not now exist i in the Federal Government.” To the in 
writer’s: further. suggestion that possibly the National Resources Planning 
ver Board might obtain the help of the Public Work Reserve Agency described by kh; 
= Melvin E. Scheidt,” M. Am. Soc. C. E., in October, 1941, the reply was that 
the Public Work Agency was: “merely advisory to State and local ag 


of a federal coordinator of transportation in the person 


= to the idea that broad consideration may yet be had of national _ 


problems with acceptable of present and future 


aval 


It has been characteristic of the development of the United 
ney. more convenient and expeditious ‘mode ¢ of transportation supplanted the less 
efficient. Nothing, however, has been | evolved to displace the railways in in 
economy or efficiency for mass transportation of passengers or freight. 
“oo The trend of railway transportation is to maintain the highest standard o of 7 
s a - service warranted by traffic requirements and to abandon obsolete lines as 


Se _ 1#“The Transportation of Tomorrow,” by Joseph B. Eastman, Civil Engineering, January, 1942, p. 4 


“The Public Work Reserve,” by Melvin E. Scheidt, ibid., October, 1941, Fig. 1, p. 577. wit 4. outa 
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that quotes seems to the writcr to indicate a much 
x 
a 
Consideration Of profits to any OF Them. 
____W.B. Irwin” M. Am. Soc. C. E.—A broad and comprehensive presenta- 
q 
4 
| 
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success, by the prompt of large of 
_ troops and their equipment, and the carrying of the heaviest freight traffic in so 
history during 1941. The abandonment of obsolete lines has not met with his 


equal success chiefly because of opposition to discon ntinuing the ‘operation of as 
Ly 


; OTe discussing “Railway Transportation” the author states “Track mileage 
Be reached a maximum of 429,883 miles in 1930, ‘declining to 408, 350 miles in 


1939; thousands of ‘miles of branch and! feeder’ lines have become obsolete.” ne 

The reduction of | 21, 533 miles of railroad from the peak is by no means 
; er a complete measure of th the mileage ‘that hi has become obsolete; : abandonments 
~ had begun before the peak mileage was reached in 1930 and are still continuing, 
ee with many miles of obsolete line yet in operation which, for the purpose of this 

discussion, are considered surplus mileage i in the sense of unprofitable operation. “ 


= It is of interest to consider the reasons for surplus. ‘railroad ‘mileage, some of iG oe 


 @ Competitive building of mileage i ins an area requiring the service if. 
An overbuilding of railroad mileage in areas where the productive 
a ~ capacity of the region failed to develop sufficient traffic to support the opera- 
of a railroad, or where depletion of the natural resources es left sparsely 


Ra? 


f 


‘The provision of the Transportation Act of 1920, requiring the issuance of ee - 

certificate of public convenience and necessity for railway construction, — a 

virtually put an end to competitive railroad d building i in excess of transportation ee 
: eee considerable of su ich mileage remains i in unprofitable operation. 


Many miles of branch lines were built in ‘agricultural providing 


me reduced tie production of grain and livestock that the railroads serving them — Se: 
_ must operate at a loss. This is also true of branch lines that are required to a 
- contin nue serving communities engaging in limited agricultural production i in ae 2 
gions formerly devoted to lumbering or mining operations which have 
 totitieay productive regions, where highways permit all-weather motor-truck _ 
operation, most of the livestock is trucked to market along with a considerable —__ 
quantity of other farm products; less-than-carload freight, petroleum products 
and some coal are trucked from distributing centers to towns on the branch 
- dines, leaving in | general only carload shipments of livestock and ¢ grain to be 
4 handled by rail to terminal markets, and a limited quantity of inbound carload - 
freight to be transported by rail, resulting in unprofitable operation. 
; q highways and the t use of f the motorbus anc | private automobile have ca caused local 


= of the In some periods ¢ of drought have so 
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~iellits h a great many branch or feeder lines are saith to produce any net 


oe ain ‘Tevenue when only their own operations are concerned, it is generally held that, 


a. if some , profit i is shown when the contribution of the traffic of these lines to the 4 : 


railway system as a whole is considered, the continued operation of the Tine we 

‘question is in the public interest. dl WEN 
oe In some cases where light traffic or other secondary | lines of oe a 
_ railways were parallel or served substantially the same areas, it has been pos- — 


ence and necessity & authorizing the abandonment and removal of one of the 


dines” ‘and permitting its owner to its trains on the line 


F. ‘ScHaNnck,” M. Aa. S00, presenting the. of 

ify: - ‘eameportation i in the United States, the author brings before the Society one 

rey; of those basic enterprises, the discussion of which properly includes the broadest 

the viewpoint of members beyond the rather narrow confines of purely technical 
3 = engineering. It helps to remind them that they are primarily citizens of 
communities and of the Nation rather than simply members of an academic” 


cats As the author indicated, a thorough study of the development of transpor- Ss 


4 tation in the United States requires research into history. _ However, ‘4 
Raa writer does not believe that merely a reference to the “First Stone” of the 
et * can furnish. Besides history, it is necessary to consider economics, geography, 

ae "7 law, and industrial and inventive growth, not to mention finance, and politics. 
ae In fact, it appears wise to revive one’s recollection of the true function of | 
oe engineering. The definition runs something like this: The study and the 


_ Utilisation of the forces and the materials of nature ‘for the benefit of humanity. 


is ‘not covered by the. author; that is, city “mass: transportation.” 
_ During the life time of many, city street cars were drawn 1 by animals—horses, 
mules; then many lines used cable traction. ‘Soon practically all these 


at buses are used for nearly all surface transportation. Until very recently many 
: railway companies | were constantly emphasizing the f fact that passengers 
- may be carried more cheaply by electric street railways than by any other 


car lines has said, when requesting from the Board of Local Transportation 
. The fact that mass transportation has actually | passed through ‘the initiation, 


Cons. Portland, Ore. 


— 


_ sible to reduce the surplus mileage by securing a certificate of public conveni- — 


aspects of engineering. ‘The consideration of such matters tends to expand j 5 


ae Bae) _ Baltimore and Ohio Railroad brings to the subject the full light which history = 


were supplanted by electricity and now, except in a few of the largest cities, 2 


_ present method. However, as the president of one of the New York surface — 


permission to substitute buses for electric rail cars, people like to 


— 
— 
— 
— * 
ae ee iy a ‘The author does not seem to have emphasized that ideal in his brief for railroads. q te 
— 
6S 
— 
—. nd equipment within a comparatively § Ff 


short time, gives the opportunity 0 analyze such a development. An unbiased s 
and critical study by engineers of a system 8 80. nearly parallel with s y 
x railways should give accurate and helpful data as to the probable destiny of © Bs 
the latter. One assumption that frequently predicates discussion of 
tation development is that the system that costs the least will inevitably 
ae dominate. The fact that cost alone may not necessarily satisfy the public is 
demonstrated by the transitions in mass transportation. as 
_ Some years ago, when the term of the franchises. for ‘the street-car lines 
Be of Portland, Ore., had expired, there was such violent and widespread disagree- 
as ment expressed by the citizens as to renewing the franchises that the City 
- Commission hesitated to take any action . Finally t the mayor or appointed a 
committee of citizens with a request that this body make some suggestion as Sa 
ae to whether the old type of franchise be offered the Street Railway Company, = 
ae whether a ‘Tadically different set ¢ of conditions be | demanded, or whether the - 
existing company be considered as having a status no different from any other 
pe applicant for a franchise. The writer, being a member of this ramen tr mele 
had access to considerable public sentiment on the matter of mass transporta- 


tion. . Preferences for different ‘methods of solving the mass transportation 
_ problem of Portland did not seem to be based primarily on n costs to the riders. 
At this same time, the writer was chairman of a committee of the City 
‘3 Club of Portland which had been 1 appointed to analyze and digest the various 
suggestions and programs that were advanced | as the solution of the mass 
transportation problem. This committee spent several months in collecting — 
ata from all cities of a size comparable with Portland. The | committee's 
position also furnished the opportunity to secure statistics as to ‘the apparent — 
indication that cost may not be the primary factor in the minds of the public en 
Several thousand questionnaires were placed in the hands of individuals” 
of. many ‘groups which together seemed to give a fair cross section of public Bt 
opinion. - These included all the employees of certain laundries banks, depart- ah 
Goma stores, service clubs, factories, office e building occupants. 
ee _ questions as their ownership of automobiles, as well as their class of work, — 
indicated quite clearly the economic status of the individuals. The majority ba 
“of every group showed that some other consideration besides the amount of 


fare would determine their selection of means of transportation, except te 


_ employees of an interurban street railway company which has since abandoned — 


Be As long as the selection of a mode of transportation of either freight or 


passengers i is a matter of personal choice, the evidence just cited seems worthy 
of consideration — by all common carriers. The limitations of the factors — 


- described i in ‘the ‘Transportation Act creating ng the Board of Investigation and 


social and cultural effects of limited or abundant transportation facilities: 
of the utmost eo The restraint 0 r the development | which a a particul 
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ave a To have an adequate picture of the entire history of rail transportation - 
4 it is. now known, it is hecessary to go back a at least 50 years prior to 
e 4] occasion, noted by the author, of the inauguration of the Baltimore and Ohio. 
Railroad construction. The earlier date covers that time in the British Isles 
when rails were laid upon which horse-drawn vehicles transported freight and 
| and especially | coal, in some 2 of the mining regions of that country. 
_ Where these “rail ways” " were constructed along the routes of public 
ee "highways they seem to have been given the same status as any other toll road,. 


probably with the idea that those toll payers had their own vehicles 
? equipped with suitable wheels could have the privilege of transporting 


vehicles w with 1 ordinary type wheels; others ‘Tequired flanged \ wheels. had 
"4 Kee ‘The unique fact that at this same time the newly invented steam engine 
was adapted for locomotion brought about the revolutionary changes which 
have resulted i in the modern railway systems. When steam locomotives were 
aa - used as the tractive force, it became obvious that several unrelated users could f 
a satisfactorily operate vehicles over these improved “toll roads.” _ The 
implications of the origin of railways remain even after the complete 
of the ‘private property idea which now almost obscures the original status. 
a Be Both the right of eminent domain which railroads possess and their designation a 
4 = as common carriers retain the germ of the origin of railroads as public highways. & 
Permission to construct ‘Tail toll roads and to callect revenue for their use 
a was by § grants limited in time. The fee title remained in the Crown or r other * 
- sovereign. Certain of the earlier charters granted to railway companies in 
the United States contain language wh which indicates the origin of ‘this govern 


— 


this country especially, the evolution to private ownership been 
se complete so that for many decades court decisions have indicated clearly that — § 
railroads are private property. This status of private property in the hands 


of railroad owners makes a distinction inevitable in the treatment which the - 


railroads must expect in their dealings with governmental bodies. The author 
5 ee seems not to have taken this into account in his comparison of the status and 4 3 
de of railroads’ with witer, air, and highway transportation systems. x 
3 a _ All of these are free, legally, to be used by any one wishing to do so. On Bi: S, 
the other hand, no one can use the Tailway except the owners, 
No tadividual or group receives any income from the use of the highways, 


a eee air routes, or waterways. Apparently there is no comparable basis = 
oF computing the public funds to be spent on public improvements or the 
taxes to be levied on private property or any other of the subjects which the 


oer 5 a Although it may sometimes appear to be unjust, yet it does seem one of .. 
the requirements of nature that “iniquity of the is visited ‘ “upon the 
q 


ment he has described, into its relationship to railways. He 
ie. -_ gonditions” in which railroads require large amounts of materials or operations = ¥ of 
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wae generations when the railroads were mubetantiolly in complete control 

of all transportation, the president of one of the largest systems was most 

widely known by his exclamation, “the Public be damned.” Even as recently 
as 1900 or 1910, such apparent elementary rights, which the shippers now 

x possess as designating a route for freight shipments, were not at all privileges — 

assured to those who paid the bill. As indicated in the case of the preference 

; 4 of the public as between street cars and bepress even at higher cost, the con- 


“time after: and all helped to build the 


we 


trucking at the expense of Ba, 


early part of the nineteenth put canal boat s out of 
go now an-improvement over railways has eliminated many branch lines on; 

caused loss of traffic, b both freight and passenger, to 
and pipe lines. xe bade | ao ads 
There does not seem to have been : any reason why the railroad companies 

themselves might not have foreseen the advantages that the autotruck provides 

for certain types of business and have used’ these to supplement. 
Instead of this, during the first few years of autotrucking, railroads ang 

combated in every way possible the additional convenience which the trucks — 

provided the public. _ After it becam e apparent that the truck transportati 
was here to stay, not infrequently railroads have expended considerable sums 
in payment for franchises or other intangible rights to established truck or 


nar The question of inequity of taxation of railroads seems to be no more 
complex than that by which highways are financed. Although highways are 2 


of the « adjacent property. owners anil the public, they ar are financed almost solely 
_ by a tax on gasoline imposed om one class of users. In fact, the construction 
often provided great traffic outlets for railroads. Th the 


most all of which is hauled to perts by railroads. — 
foreign commerce ‘of the United States has 


improved harbors many industries and the communities they support, with ES 
the railroads benefiting, could not have reached their present magnitude. . ada = 
Be sai Soon after the First World War, a Royal Commission on Transport was ei re; 
appointed by the British Government to study all phases of the subject. bees ‘§ 
% The reports of this’ commission are illuminating even if some conditions in eS Ana 
Great Britain are very different from those in the United States. ‘The a au- 


thority and scope of its investigations apparently were much broader than © 


“authorized to. appoint. Royal Commission had in its personnel not only 
those technically qualified to represent various: of but 
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also those whose viewpoint was more that of the 
eS course, this later viewpoint is the one which should predominate in dealing — 
matters as vital to all people as transportation. 
J. E. Tear,” M. Am. Soc. C. E.—Since the first presentation of this 
1941 conditions in the United States “have 


"orders for materiale and supplies. When a major change occurs in industrial 
all transportation: ‘agencies effect. ‘This in- 


4 


war economy and let the record speak foritself. 
ik The desire of transportation agencies is to assist in winning the war at an 
i early date. _ The war economy of the United States depends largely on avail-— 
Si oo means of transport. The ability of the Nation to transport men and 
materials overseas is of vital concern. “How wever, the overseas shipments are 7 
greatly exceeded in volume by those within the United States, because here — 


es. e from one point to another, in the process of training, and also to transport the 


ha ‘ft All of this transportation for the war effort is given first consideration, of 7 
Reed the remainder of the transportation is used for the benefit of civilian 


_ materials required in the construction of military establishments, i in the build- 
oe ing of ships, and in the manufacture of ammunition, guns, planes, and tanks. 


is necessary to transport vast numbers of troops and military equipment: 1 


At the beginning of 1942 the Nation's transportation plant: and facilities 
__ gonsisted of approximately 233,000 miles of railway first main track; 1,960,000 , 

freight-train cars, of which 1, 685,000 were railroad | owned; 38, 000 passenger- 
train cars; 45,000 locomotives; 1,469,000 miles of improved highway, on which | 
were operated 5,000,000 highway trucks, 140, 000 buses, and 29, 000,000 auto- 7 

cis mobiles; inland waterways, excluding the Great Lakes, which were handling 4% 
= of the Nation's bulk freight; and 105,000 miles of pipe lines, which were moving $ 

Bs (10% or r more - Vessels that were operated on the Great Lakes and along the — 

const provided transportation at low cost for large quantities of coal, oil, and 4 
tamber! _ Airplane transportation was increasing at a rapid rate to handle the 

"ever-increasing passenger, mail, and express load. arta 
= Asstated by Ralph Budd,™ Hon. 
Prin. Roadway Engr., Board of Investigation and Research, Washington,D.C. 


on the Home Front,” by Ralph Budd, Engineering, September, 1942, p. 503. 
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—— and became more pronounced after September 1, 1939, when the war in Europe # 
> 
on 
he 
— — 
The discussions have been enlightening, as they have revealed points omitted 
_———— = j or overlooked by the writer and have expanded others. Because of the great _ 
change in transportation conditions, caused by the war effort, it appears to the 
writer that the discussion might well be terminated by emphasizing the rela- 
importance of the various transportation agencies in connection with the 
— 
— 
45 
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“These various forms of transportation took on the traffic load incident to pone 
war abroad and preparedness at home, as it came along, without any con 


3 siderable strain simply by utilizing a larger proportion of their carrying je Bae 


capacity than had been needed during the preceding years. Thus for the 
time they realized the benefits from the extensive improvements that, 
«Bins the outbreak of World War II, on September 1, 1939, the rallronde, se 
re ¥ have handled a continuously increasing traffic load, as shown by Table 10. | oe 
‘The progressive effect of the increasing traffic load is shown by the percentage 


data i in Cols. 3, 6, and 9, Table 10. _ Comparing 1942 with 1939, the cumulative @ 


Bot 
Millions | Index 


333,438 | 100.0 | 
373,253 | 111.9 
475,072 


42, 300 
oS Percentage increase over th 
freight traffic increase is shown as 26.2% in carloadings and 88.9% inton-miles. 
‘s The greater increase in ton-miles is due to the increased load per car and an bad ae 
increase i in the length of haul. The average load per car in 1942 will be more _ ae a 
- than 4 tons greater than the average load in 1939, whereas the average haul ° zh, ° eg 
a per ton of freight in 1939 was 351 miles, and today is abou’ 420 miles. In the rsa 
TABLE 11.—Rariroap OwnersHip oF Freicut Cars 


13.6 425,820 6 | 34,467 


84 11503,055 7 35,340 
“| 1,570,458 
1, "738,553 44. 931 (693,622 | 41,444 | 2,157 


e, including troop movements, the number of revenue ance 


_ Table 11 shows the progress made by the railroads since Septiandane 1, 1939, ? 


= . 
wis 
a | 
a 11.9 23.762 | 104.9 
pe 
A 
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of new equipment and | the repair o of existing 
equipment. The main achievement has been in the reduction in number and 
proportion of unserviceable cars and locomotives. = = 
Ye "The number of freight « cars ‘in bad order on September an 1939, was 224 603, ¢ 
‘of total ownership. — “This was ‘reduced to 44, 931 freight « cars on s 
a se December 1, 1942, or 2.6% of total ow nership. Thus, although the total owner- ¥ = 
er of freight cars increased by only 88, 130 cars, the number of serviceable _ 
_ In the case of locomotives, the ownership o on December 1, 1942, was less than 
on September 1, 1939, by 1,404 locomotives. On the other hand, the number ’ 
of serviceable engines increased by 4,820 units, those in bad order having been 


= on from 8,381 ss September 1, 1939, to 2,157 on December 1, 1942. ie 


. 


TABLE 12. —IMPROVEMENT I Uriuization | OF Equremenr 
Cars 


187,870 | 1000 | 1,408 


Freiaut Locomotives PassEncER Locomorivs 


a Freight-car utilization, in net ton-miles per active freight-car day. ° Freight-locomotive utilization, in 


gross ton-miles per active freight-locomotive day. utilization, in passenger-train 
car-miles per active locomotive day. ¢ First six months of 1942, 


of today: without improved performance. Table 12 shows the 3 
_ improvement in utilization of equipment that has occurred since 1939. With — 
‘ae a respect | to freight-car utilization, the average | car in 1942 has been equal to 
than one and one-third cars in 1939. Freight-locomotive utilization 
ae increased 27.8%, and passenger-locomotive utilization has increased 14. 7%, iq 
ron 8 shows that the relative volume of traffic for the year 1939 aggre- aggre- 
gated 543.4 billion revenue freight ton-miles and 40 billion revenue passenger-— 

; et It is estimated from data in Table 10 (which were furnished by the | 
ae Association of American Railroads) that railway traffic will be increased 291.6 
va Dillion revenue ton-miles, or 87.4%, and revenue passenger-miles will be in- _ 
= _— ereased 22.3 billion miles, or 98.7%, in 1942 compared with 1939. Reliable 


information i is not: available (as | of December, 1942) as to o just what the 
fig will be for. other carriers; . however, information at hand indicates that the 
as traffic of these agencies also will be materially increased over that of 1939. 
It is obvious that changed conditions due to the war effort have greatly i in- 
creased the demand for transportation by the highway, waterway, pipe a 
- and air carriers, as well as by the railroads. All of these agencies are being 
cS handicapped by the lack of equipment, and it now seems that the gasoline 
en in the East and the rubber-tire situation may have a retarding. effect 
_ on the capability of the highway carriers to continue to handle the volume | 


he 


— 
| 
— 
| 
& 
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of them were projected in the feverish tush of World War I. ° World War II A 


reatens to start a similar expansion 0 of waterway improvements. ‘As. illustra- AY 
: - tions, construction of the Florida Ship. Canal, the Lake Erie-Ohio River Canal, 
E the St. Lawrence Deep Seaway—each possessing strong political and com- ae’ 


mercial ‘supporters—is advocated earnestly by their backers, as 


particular the Ohio River system, which is probably the most com- 
plete of any improved waterway system in the United States 


hy 
‘This was a subject given consideration by Committee XVI— Economies of 


Railway, Location and Operation—of the ‘American Railway 


Hes bien eble otk fue to Sapome 

_..._ “I-—-The Ohio River navigation system consists of 3,612 route miles 

es. (981 on the Ohio river between Pittsburgh and Cairo, and 2,621 on tribu- he. , 

tary streams), and represents an investment on the part of the taxpayers a 
= of the United States of some $234,000,000, and a total expenditure (as att 

“Te of January 30, 1938) including maintenance and a relatively small amount | os 

4 ods of unexpended appropriations, of $362,000,000. Based on the operation 

ie 349! during 1937, a total of about 4,205,000, 000 ton-miles of freight was trans- wa 

a ported on these rivers, a large percentage of which would have moved on 
the railroads had government improved waterways not been available. mae 

“The annual cost of transportation on these rivers to the nation is 

estimated at approximately $34,000,000, of which about one-half i is paid © 

gi Seat or absorbed by the taxpayers and the other half by the users of the ap 

. “There is no evidence of record that the users of the waterways passon , 

aN to the public in general the savings that accrue .o them as compared with = 

% _, the rail freight rate. Waterway transportation may be cheap to the 


favored shipper but is costly to the taxpayers, who foot the bill for | 


ing, 0 eratin and maintainin the locks, dams and channels.” yy 


“tho some very | interesting figures (excluding the cost paid by 


shipper) representing the cost per ‘ton-mile of all traffic on this | waterway 8} ee: 


q which is borne by the government or taxpayers, ae 


The facts resented raise questions as to ‘the effectiveness of 


4 


aq (compared to railways) as a ‘means of maximizing wartime transportation, and ae ae 


a of the economic justification of most, if not all, of such enterprises at any time. hog BP 2 
“The presence oof the Ohio Waterways thereby may the pressure 
‘a on railroads and improve the war effort of the country. Yet this gain Ff ie 
pis would be a sort of windfall for the nation, for these waterways were de- 
a aa _ veloped more for peacetime than for wartime use. — ~ Such additional trans- _ 
- port capacity, granted that it may prove convenient, might have been 
-- 3 _. provided more economically by other means. * * * It is customary for 


“How ‘Cheap’ Is River Transport?” by Cc. Troxel, Age, September 12, ‘1942, 
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protagonists to ‘railro ad-rate “hich 
_ follow the opening of a waterway. Though they correctly note the trans- as 

= _ portation expense reduction for some commodities and companies, they 


: oer fail to recognize the possibility of contrary — consequences elsewhere. 


¥s} Perhaps the rate reductions to meet water competition have the effect 
a. ale of forcing rate increases for commodities or areas where there is less — 
ss eompetition. Or, in the event of a continuance of deficit operations, — 
Saat ~~ may be forced to abandon parts—the weaker branches—of 
_ their systems. Communities near the waterway or elsewhere—for toll- — 
free water transportation may provoke abandonments at inland points— 
aD olga be compelled to make more expensive (for some goods) use of trucks. 
i These effects and yet they may be inevitable. 
date of Bantessber 18, 1942, ‘the Board Investigation and Research 
2 transmitted its annual report to the President and the Congress of the United — 
ace States, in accordance with Section 305 of Part 1, Title Il , Transportation J Actof 
1940. je In this first report the Board ‘outlines. the scope of its investigations, 4 
_ which include the flow of traffic, the cost and efficiency of transportation — 


‘services, amount of public aids received and taxes paid by each type of carrier, 


labor re! tionships, shipper-c -carrier ‘regulatory policy and 


The comin of the war extraordinary upon 


‘their services to the limits of their capacity, and danger signs warning of 2 
_ critical shortage of transportation began to appear. This sudden shift 
however, altered the fundamental problems of transportation, 
nor has it changed the essential characteristics of the various types of _ 
@arriers; rather, it has focused attention upon certain aspects of these 
"problems, demonstrating the need for adequate capacity and flexibility 
; _ In transportation and making more certain than ever the prospect of far-— 
‘Teaching readjustments in our transportation facilities. j= 
ie “These emergency conditions have not diminished t the significance of the _ 
problems which the Board is directed to investigate. This was recognized 
=. oan Bit by the President when, by proclamation of June 26, 1942, he extended the | 
5, ave term of the Board to its statutory limit, September 18, 1944. _ The procla- 4 
‘mation declares that—an efficient transportation system is essential 
the nation in peace and war, and the national interest requires the de- 
ats: velopment of informed policies by which such a system may be promoted, 


sabes | ‘The Board of Investigation and Research reports progress in its studies of 
relative economy and fitness, public aids, taxation, , and interterritorial freight 


rates. Under the caption “Further Reports” appears the following: 
oma “The Board is proceeding as rapidly as possible with the research . 
a ie __ contemplated by the act. The entry of this country into the war has — 
f a, complicated the problems which the Board is directed to study, but has — 
not changed their essential character. The scarcity of trained personnel — 
Bs ‘eae and the burdens imposed upon the carriers by wartime demands have in 
some ways increased the difficulty of the Board’s investigations. Yet the 
ie oe war has emphasized the importance of the work and has facilitated it in _ 


a 
q 
4 
4 
4 
Annual Report of Board of Investigation and Research, September 22, 1942, p.3. 


TEAL on TATI 
some important respects. It has made available date concerning 
the capacity of our transportation facilities. It has already brought 
ie forth new operating methods and has tested expedients which otherwise 
could be dealt with only in theory. These experiences are of great value 
_ in considering methods of developing a national transportation system - 
= adequate for the present and future needs of commerce sf ee 
Brn “The Board’s studies of the interterritorial freight rate structure aS 
2 be filed in January 1943; its report on public aids to carriers will be filed ‘y 
early in 1943; its report ‘on carrier taxation will be completed by the end 
~ of the current fiscal year. Its investigations of relative economy and fit- ae 
“ness of carriers are of sists and importance as to require a 
1S * longer period for completion. These further reports will contain the full 
findings and recommendations of the Board.” AAO, in) 
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BY E. GLover,? EsqQ., AND F. E. CORNWELL,? EsQ. 


BY R. Hennes, STANLEY Uz Banscoren, A. 


¢ ox 


Results of for the purpose of of stability 
granular materials, based directly on fundamental laws of behavior, are 


presented in this paper. elementary linear solutions ¢ are obtained which 
are to the problem of estimating the: stability of earth dams. 


cae F The primary purpose of soil mechanics is to dev elop a of correlating 
es laboratory tests with the performance of structures in the field. The correla- 
oo cad tion problems for granular materials are similar, in many respects, to those for q : 

4 Hee ie elastic materials. Methods for calculating the performance of elastic structures _ 
ce vy have received much attention and the analytical tools for making the caleula- _ 
tions have been grouped into a “theory of elasticity. Much of the theory G 
4 is built upon the postulates of equilibrium and of geometrical 
_ tinuity subject to the relation between stress and strain imposed by Hooke’ : a 


law. It is important to note that simplicity of the fundamental 


ql acs: does not insure a simple solution of the correlation problem | since the elastic 
equations, in many cases, are difficult tosolve. = pet 
“es _ The equations of equilibrium are as important for granular materials as coal 
elastic ‘materials but it can be seen readily that the continuity condition may 
= not be appropriate for granular “materials since these can often be sheared 
extensively without losing their properties, 
n the elastic case, it has been proved® that a solution to the problem | 
stress distribution is unique provided it meets the foregoing equilibrium a and ‘S 
a Hi x continuity requirements and, in addition, satisfies the condition peculiar to the 
problem. These latter conditions are usually imposed at boundaries where 
conditions are known and, therefore, they are called conditions. 
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the analysis to be described, equilibrium “ecquatiotis in terms of 


= stresses have bees retained. The continuity condition is also retained where ae 

the stress system is such as will prevent relative movement | between grains. ae 

slippage between gr: grains | is possible, the continuity y condition has been 
replaced by a condition between the maximum and minimum principal stresses. 
This relation is the one commonly referred to ‘as Coulomb’s law, which states _ 


resistance is compounded of an intrinsic cohesion, 


‘The trained engineer will fir find little that i is new i in | this deseription and the 
~ methods to be described are not much more than a mathematical mobilization me 
ss of relations with which the engineer has long been familiar. The inducement _ s ia 
for the expenditure of effort, on analyses of the type described herein, comes 
p 
from the possibility that the use of simplifying assumptions may be avoided 


a 
and the reliability of the results thereby enhanced. __ 


oa developing a mathematical approach to the solution of any physical — 
Be problem, one is faced with the necessity of reducing the problem to an exact a: 

status by’ means of specific definitions. is 3 usually necessary to replace 


actual material, which is almost never continuous, by an ideal continuous 


material. Of course, , it is desirable that, in so far as possible, the properties of 


t 


the two materiis be identical. In the present case, certain ‘consequences of 


“the granular structure of the actual material are imposed upon the ideal. ‘Other a 


# a In the theory | of elasticity, stress is defined in terms of the resultant force i: s 
i. transmitted across a small plane area within the body. In the present case bo 
is expedient to modify this concept because of the presence within the voids of oe 
i water under pressure. The term “stress, ” as used herein, is defined as s the 
force transmitted by the contact | pressures between grains over a small area 
_ divided by the area, and therefore excludes the percolation pressures. __ 
p one To form the concept of stress in the granular material, pass a plane ocals Bee 
a it and find the surface that 1 passes through no particle but which lies as close em wig 
_ to the plane as possible. The particles on one side of the surface touch those oe 
on 1 the other at several points, and and at each of these se points a a force i is Oe ec 
from particle to particle. Now consider a small part of the area of the surface. 
_ The average stress on the small area is defined as the resultant of the ious a 
on the plane. Conceptions of average normal and shear. stresses can 
formed in the same way. Since it is apparent that the diameter of the small 
area previously mentioned must be large compared to the diameter of | a grain, © - ¥e 
_ in order to include enough contact points to yield a valid” average, | a stress — os a 


~ computation made for a point, as designated by coordinates, will represent an ne 

_ average stress in the immediate vicinity of the point rather than a stress ata 

4 a The stress convention is shown in Fig. 1. Forces of gravity, flotation, ‘end 4 a 
fluid friction, as well as an additional body force which is indicated as due to _ me 
tarthguake, are included. it, is desired to obtain the ~ 
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i GRANULAR MATERIALS 


elasticity i in n those the relation between stresses is such as will 
‘not permit grains to change their relative positions, and in the regions where 


- this ¢ condition is not met, it is assumed that the relation between the porn ; 


stresses is such as to make slippage imminent on the | planes. of least resistance. 


tt 


Ad —( )ay 
“Ite, + Ix 


nave daw adt lo at? to 443 ay 


voy should be be noted that t the terms “elastic” ‘aaa “plastic” are used herein a 
in describe zones in which previously. stated relations between principal stresses __ 


ie exist and not as descriptions of types of material used in the structure. a4 


coordinates x ‘and y which ‘satisfies the ‘conditions a as stated. 


letter in this paper are defined they first appear, 


a 


IN THE Euastic AND Piastic ZONES 


Let ¢ be 2 the normal stress on any plane, positive when compressive, and oe 
ae shear stress. - According to the theory of failure, which is accepted herein, 


— 
— 
— 
— | 
The solution requires that every small element of volume must bein equi- 
librium under the stress resultants and forces that act upon it. Inadditionto 
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MATERIALS 


it is true, fos every plane at. every point, that 


C and f are positive constants, known as the cohesion and the coeffi- 


| cient of friction, respectively, whose values depend upon the ‘material; andit 


: is also true hee relative sliding of the material on the two sides of the dati is - 


e+ 


oF 


as follows: R= =0,R = 0, R > In 2Risa of the position <2 
| of the point and the orientation of the plane. Let Ro be the minimum value of — ag e 
9 R at a given point. Then Eq. la, which is is satisfied everywhere, i is € equivalent wy 


Plastic Region—At any~point where Ry = 0 there must be one or more - 


"planes; it is found that there are two, for which R= Ro = 0, and along which, 

- therefore, ‘slipping i is incipient. At such a , point the material will be said to be 

in the “plastic state,” and any region at every point of which the material is in 


the plastic state will be calleda “plastic region.” = q 
Elastic Region.— —At any thins Ro > 0 there i ‘is no along whieh 


a consequence of 8 certain conditions of are 
on. limensional body these 


vither” 


The Functions R and Ro.—Fune- 
tions R and Ry may be expressed i in 
“terms of the | principal stresses or in. 
terms of the normal and shear 


‘Stresses. Let 1 and a2 be the pris 

cipal” stresses, positive when | a 

pressive, a and algebraically ‘the greater; and let @ be the angle 

counterclockwise from the line of action the plane of and T. 


Equilibrium: of the triangular element shown in Fig. 2 requires that = 
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GRANULAR 
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Pats by ‘The two planes thus defined form the acute angle, are tan =, which is bisected 


by the line of action of o,, the greater of the principal stresses. These are 
the planes along which slip occurs, if it does occur. 


useful relationships, the derivations of are e omitted, are: na 


2 


which is we" angle measured counterclockwise from the Z-axis to the line 
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_ of 6; and it should be remembered, therefore, that: a — ois never negative; 


6 is referred always to o:, the greater—never to a», the lesser; and @ is defined 


_ not by the value of tan 120 (Eq. 8/), but! by the valu ” of tan 2 6 and the algebraic — 
sign of either sin 2 @ or cos 2 @. d If Eqs. 8a and 8b are substituted in Eq. 66 


Sadly ei 9 
The types of sli available at present are sali only ¢ to 


ess material; that is, one for which C= 0... For such a material the law 


or, in terms sof 6, ind from Eq. 9, Sees 


By letting B = Eqs. 10 ve 


wale bavi ovat ao 


equalities represented by Eqs. 11 are two ways 0 stating the 


condition, and ‘the inequalities represent | a ‘Telation that must be be satisfied i in 


‘elastic regions. hese expressions imply, and it can be proved, that tensile 


can | vanish; ayy that ‘{naide or on the boundary of a plastic region, if f either 
direct stress is : zero, then ail the stresses are zero. It follows that all stresses 
Manish at a free boundary, and it should be noted that any boundary subjected - 


to water load alone is free, provided the water pressure is continuous aCTOSs he 


Boundary Between “Elastic and Plastic Region n—lIt is clear that, across 
2 “ema between an elastic and plastic. Fegion, the direct stress normal to 
a the boundary and the shear stress tangential to the boundary are continuous 


a but it is not clear whether the direct stress tangential to the boundary is or + 
appears: that the theory ‘must permit ‘such a to move as the 

“loading on the outer r boundaries « of the body : is varied. If the direct stress 
_ fname to the boundary is not continuous, then, as the boundary moves, 
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ion q movements of the particles, involving infinite accelerations. Such consequences es — 

are to be avoided, and it is postulated, therefore, that all stresses are continuous _ ig 


CTOSs course, e, this postulate holds only in case the 

of the material continuous across the boundary. ot dvewle 


APPLICATION TO THE ROBLEM OF Eanrx-Daw STaBILITY 


ae ae The structure to be analyzed i is idealized by dividing it arbitrarily into a 
series of elastic and plastic regions (see Rig. 3). Odd Roman numerals: (I, III, : 


a ete. ) are e used to designate regions assumed to be plastic and even ones ai, 


pA 


the i inner pennibeaion:: those joining two regions, are straight lines. om he use, a 
in the equations of inner boundaries, of arbitrary cc constants a and 6 with sub- 
ee scripts associating them with the elastic region involved is also ‘illustrated. 
_ The corresponding terms for the outer boundaries (that is, numbers nm, and ma) 
war used in the equations of the downstream : and upstream slopes are constant, 
ya of course, for any one dam and are obtainable directly from known data. a 
wey a) Note that the problem, as illustrated, is cut into three parts in which are 
a grouped regions I, II, III, regions III, IV, V, and regions V, VI, VII. The 
a Bae 9 separate ) parts are referred to as applying, respectively, to the upstream toe, ig 
4 pr 38 the dam, and the downstream toe. For each part a new system of axes, with 
‘oi 4 its atlala at the point ‘common to all three regions a and with the z and y axes 
_ parallel to and with the sense of those fcr regions III, IV, V, is used. _ Additional 
2 parts are needed when the slope of either fill i is not uniform ‘throughout. Ino 
— a case the actual : slope is approximated by two or more sections of constant 


lope and and then a new group is introduced at each point where there is a chang 


EQUATIONS AND LINEAR ror Exastic ReaGions 


the accelerations of the water are negligible, the ‘equations of ‘equilibrium 
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e three partial differential equations (Eqs. 3 an 


i any 8 solution for an elastic region. a definite region ii 


hen the general Ii 


ag = Cx i) 


tey = Cu [— (1 + bx) a 
ge ey vag 


in which a4;, a2, si, bas, ba, bai, and ds are constants. 


bee general, however, one. does take the vertex or common point of all the — 
regions 


involv ed j as the origin of the coordinate ie With this i in mind it 


in the elastic region reduces 


= Cx Ow = 7 ba y).. 


iy 


must be in order to with the of 


The linear solution of Bas. 12 and 160, in which Cs and Cx are defined 
by i 


3 


es 
nt, In these expressions, th 
etermined, along with a; and §;, by the O25 Wil — 
ith 
nal 
4 — tic region, 
ge. plastic region “i” a solution must sati 
equations and n must satisfy two partial differenti 
one algebraic equation; namely, Eqs. 12 erential : 
y, Eqs. 12and the equation arising | 
are 


ined by & pa), 


} 


xcept that the not include the case to 


» whieh i is Pig be 


| 
in which 


whieh is the of the two values oz as the case, the other as 


q 
= 0. For such 


= Cy? = Tey = = = 0. “Another useful case e where Qisthatin which 


= y these. 


Cu y 


ee stresses vanish s 

1 

= is then known in an n “outer” plastic is, in 8a 

¥ plastic region part of whose boundary is part of the boundary of the structure. at ae 

Fe it Slip Lines.—The direction of the slip lines may be determined by computing 
two 6 and by formulas already presented. 
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tation may be as Let the Je between the y-a: 


and a)slip line, counted positive clockwise. Then the directions of the two 


ce Note that at if aaa stresses are linear, as they are in the present solutions, then ‘ 
‘ and Ae are constants and the slip li lines are two families of parallel s straight 
lines. It is ¢ is convenient to the exact check formula, 


the zones | the stress distribution is such that slippage is imminent” 
_ This does not mean, however, that a failure by sliding can occur since he 
3 direction of slip may be t toward the foundation o or an elastic zone where areserve — oe 
oe strength i is available. Under such condition, no slip of significant magnitude 
ean occur and the structure is stable. The existence of a plastic zone then 
‘means simply that the material i in the zone has acquired all the load it can n 
carr 7 Any further load must be accommodated by encroachment on the 
_ reserve in the elastic zones by a readjustment of the boundary between the 
lastic and plastic zones. However, if a situation arises in which a continuous 
slip line can be drawn beginning in one free surface and terminating in another 
then there is no limitation to movement and a slide may be expected. The a ice 
- condition for a sliding failure may then be reduced to a question of the possi- oi 
9 bility of drawing such a line. Ifa ‘set of conditions i is assumed which precludes — 
the possibility | of stability, no solution can be constructed. Such a condition if 
can be readily ‘obtained, for example, by choosing too steep a slope. In this 
case, the impossibility of constructing | a solution is definite indication 
instability. Cases have occurred, however, i in which a failure to “obtain 
solution may have indicated merely that no solution exists of the type sought. 
It is hoped that such questions may be erin as socn as more solutions to pe 


q _ The type of analysis described does not lead to an evalintion: of af : 


fety but to a determination of stability or instability. Bh An idea of the reserve 


ES 


strength available may be obtained, however, by invesvigating g the reserve R 


or large changes of of loading would be necessary | to produce the conditions for ee 
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“Toe. —For region I, Cu = 0 and Cy ‘dex 


816 y 
0. 184 + 0.008 


2 = 0.099 y os = (— 0.129 — 0.359 y 
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GRANULAR MATERIALS, 
- Ege. 21, using the value of bis from = 18 for the active case. 
For region II, = 0, Co = y. Stresses for region are given, 


. 15... In order to evaluate the fa arbitrary constants in these equations 


(1 + bes) + — - 0.03295 (a2 — - 3) 


expressions for and Try are given: in 1 Fig. 4. 
which must be satisfied in any elastic region (see Eq. 16a), the pie t= oa ; 


= was used, which = 1. 108-7, Tey = 
=1. then (see Eq. 16a) 1 409 Cz +e Oy (as required). 


toe were applicable. ‘This i is true b because of the fact | that a shift i 

the « origin of coordinates, to any - point , along the boundary where all stresses 
-. are zero, produces no change in the expressions for stresses. Stresses for region — a 


Vw were computed | by the use: of the same formulas and data as | for region IIT Ay, r 
E except that n= -—— 2. The stresses in region IV and expressions for the 

boundaries were established by equating direct and shear stresses across 
t= uya and Bay. The he inequality was checked as att the upstream toe. 


Toe. —Stress values for region were obtainable directly 
rom the solution for the dam. For region VII the stresses were the same as for 


-Tegion I at the upstream toe. "The work of obtaining the stresses in in region | VI 


hc 


— 


only th and | = Bs y were used 
” Diventieeit of the: slip lines as nage eal in the various plastic r regions, Fig. 4 
were obtained by substituting stresses for the region in question in Eqs. 24. oe 
Example a3 Solution of a Typical Zoned Dam of 1 on 3 Upstream and 1 on 2 
Siero Slopes, with Reservoir Full. .—Fig. 5 shows the results of the analysis a 
_ and data used in the computations. An outline of the procedure follows. _ aie 
Upstream Toe.—In this area the percolation pressure contours are taken 
as horizontal and as having a hydrostatic spacing vertically. The percolation 


function may then be written asu = — Dy — A). ‘This gives = =-D 


and for a value of y + Dye of 120 Ib per cu tt; then, C; = 57.6; and C; = 0. 
The remainder of the solution is similar to that in 


Dam -—Stresses for Tegion be > taken 1 from the toe : solution. 


“A 
and the two arbit iii 
__and shear stresses were equated across the boundari laries, the direct 
wil 
— 
— 
— 
. 20 Were solved and tne nue 
ues placed 1m qs. lo. ‘The resulting — 
| 
da Of xing the boundaries Detween regions was done 
was done by equating stresses 
— 
— 
a 
— 
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MATERIALS 


a) 


AND DIRECTIONS OF 


+ 


per Sq Ft 


Stresses at Base of Dam 


Tle Helght ef dem; tat. 
APA's Dry density, in Ib per cu ft 
density, in Ib per cu ft 
w of friction, f 


= 15.092 — 35.711 y 
= 46.984 — 113.32 y 


= 5.605 —3y)_ = — 60.195 — 56.423 
= 19.833 (x — 3y) oy = — 130.968 z — 146.300 y 


percolation. pressure contours were assumed pas arallel to the boundary 


= ayy, 80 the percolation functior n was written as 
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in Example 1 1. 
; Downstream Toe.— —Horizontal percolation pressure dontours, spaced hydre 
static vertically, were taken in regions VI and VII. Then for these raed 
— Dey; Ca = 57.6; and 
- Stresses in region ¥ were ‘computed for the dam assuming that it is des, 
These same stresses were used when equating stresses across = Bg y. “This” 
% involves no inconsistency because the stresses. computed for region VI are 


contact stresses and do not include the percolation pressure. upward body 


- forces due to flotation below river-bed level in zone V, however, are neglected. 
The details of the remainder of the procedure have been given previously. er 
te By letting the percolation function in region Vil be variable, its ‘lintiting 


x value for stability may be determined by joining regions V and VII directly. ane 


‘This may be accomplished by. equating normal and shear stresses ACTOss ee 


ConcLUSION 


All available the fundamental equations that have been | 
established in this paper, are linear in form. This definitely limits the stress a 
_ systems in the various regions and makes ‘mandatory ‘a system m of li linear bound- 
aries between regions. More general solutions are needed to avoid ‘many of Mag ‘ 
the present limitations. present linear solutions should be 


4 representing a first step in the development of a general method of approach. — 


q This method of analysis was developed in the Denver (Colo. ) office of the Bu- 
reau of Reclamation, U.S. Department of the Interior, s since about 1936. Among 
those who contributed were A. W. Adkins, E. D. Rainville, W. D. Dickenson, — 

 Jr., and W. H. Jurney. Technical studies of the office are conducted under the ~ 
“direction of Ivan E, Houk, M. Am. Soc. C. E., senior engineer. All designs — 
and investigations are conducted under the supervision of J. L. Savage, M. = Ee 

Am. Soc. C. E., chief designing All engineering and construction 


Work i is under the general direction of § 8.0 - Harper, M. Am. Soe. C. E., chief Bes 


g “engineer, with headquarters in Denver, and all activities: of the Bureau are. 
under the direction of John Cc. M. , Am. Soc. Cc. commissioner, with 
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be 


atoning used i in this paper, , conform essentially with “oil 


“Manual of Engineering Practice No. 22: 
= cohesion; also arbitrary constant Cx, Cs, ete.); wil, ~ = 
e = ratio of voids to total volume; 
H depth of water in oft chide ofl 
horizontal earthquake acceleration force as a force per 
Na, Ns, ete. constants in the equations of the outer bound- 
R =a ‘function representing the reserve ‘strength to resist shear failure; 
* = the minimum of 4 al covig ste 


= arbitrary constant in the equations of the inner boundaries; 


angle of the z-axis to the of action of counted 


£ 
normal co component of stress, positive when compressive; ort T 


. omtoed and oy = normal stresses on planes normal to the z and y axes re 
Ay shear ‘stress in in dire ction zon plane normal to 


= angle from the y-axis to the slip lines, counted positive clock wists 


= 


4 
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| 
= 
4 
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1 can be used to investigate th the stability of § slopes i in the following i 
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(a) ‘Downstream | slopes of dams below the point the phreatie line 


emerges ; 


(b) Upstream slopes following a rapid drawdown; and 


of cuts or fills when saturated. 


———+ 


(1,65 


or 


TABLE 1.—Limitine Stores ror Various EARTHQUAKE INTENSITIES 
— 
eavity | | _| (0.60 | +065 | 0.70 | 0.75 — 
11 
— 
itive 
sre § TABLE Stores ror Various or C; 
0.00 | 0.05 | 0.10 | 0.15 | 0.20 | 0.25 | 030 | 035 | 040 | 045 | 0.50 
tion, 7 0.50 | 2.00 | 2.28 | 2.63 | 3.07 | 3.67 | 5.75 | 7.83 | 12.00 | 24.5 | a . 
| 1.82 | 2.06 | 2.34 | 2.71 | 3.17 (4:66 | 5.96 | 8.13 | 1248 | 25.50 
0.60 | 1.67 | 1:87 | 2:12 |- 2:42 | 3.93 | 484 | 620} 847 | 1300 
0.65 | 1.54 | 1.72 | 1.04 | 2.20 | 2.51- 3.41 | 4.09 | 5.04 | 646 | 883 
0.70 | 143 | 159 | 1.78 | 2.01 | 2.28 8.03 | 356 | 427 | 520) 675 = 
| 1:33 | 148 | 229 272 | 316 | 371 | 446 | 5500 
1.25 | 1.39 1.72 | 1.93 248 | 284 | 3.30 | 3.89 


GRANULAR 


: less. The pressures are assumed to have a distribution 


pis 


ak 


“ate 


the vert numbers in Table 1 1 .represent the steepest 
that can be remain stable under assumed conditions. 


Density, INLB] 


cu rT 


iy 


4 


watwed Store om (c) Stops on Downsraeam Face, 1 0% on 


| 104.80 108.02 110.03 | 101.55 | 105.61 | 108.32 

120 100. 87 76 114.47 . 5 (112.57 
45 | 115.14 BE 121, ? 119.33 
1 


121.51 | 125.70 | 128.37 | 117. 126.09 
89 183.48 185.32 3.07 132.85 


Store on DownetreaM Facz, 10N3 alia (a) is) 


105.47 | 108.25 | 110. 00 | 115.00 
100.41 ‘51 | 114. 120.00 


22:30 | 126.01 | 128. 135.00 


(ioe The | type of failure contemplated i is shown in Fig. 6(b) to consist of a sliding 
material down the slope. The fill material i is assumed cohesionless. The 


q 
— 
— | 
4 
128.55 
— ive 
go] as | 101.22 135.00 

— 

distribution in the ve n Table 2 represent the 
— 


The computations indicate that a slide should occur: downstream 


before actual piping is observed. However ‘only a small difference is 
indicated between the necessary to cause sliding and Piping, and, 


toa 
The individual entries in “Table: 3 are. the upward percolation ‘pressute 
gradients i in pounds per cubic foot necessary to produce f failure, as shown i i 


ig. 6(c). The gradients ne necessary to produce piping are. indicated in that 


part of the table marked “Horizontal.” 
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the development of soil mechanics and have, perhaps, somewhat shifted 


the course of that development. All tools available to the | engineer for th 


slip surface will ‘remain the more convenient ‘and’ more | 
a for estimating the stability of earth ‘slopes. Quite possibly, the ae- 
4 curacy of the conventional procedure ca can be improved by determining the dis- 
tribution of normal pressure along the slip curve by the proposed method of - 
analysis, i instead of by ¢ assuming a vertical pressure at each point proportional ; 
to the height of the overlying column ‘of earth 
Beit: oe" In studying the stability of the foundation of embankments the new method j 
oe offers opportunity | for in improvement over solutions that depend upon formulas 
= ie based on the assumption of a semi-infinite solid, by providing a better approxi 
“mation of stress distribution over the base of the embankment. He 
at authors state (see “Introduction” “that the terms ‘elastic’ and ‘plastic’ 
are used herein to describe zones * * * and not as descriptions of types of 2 
é ~ material used in the structure. at There is danger that the casual reader might 
construe this statement to mean that the validity o of the analysis is independent 
of the elastic properties of the material, whereas actually such is not the case. 
authors have not freed the soil st from the necessity of pretending 


“that sand and a gravel follow Hooke’s law. This they recognise eleowhere i n ae f 


error introduced is less consequential than in the present case when, as 
consolidation s studies, the object o of the analysis is the computation of relatively — 


Tear small pressure changes that occur at considerable depth due to a surface load- 
= In the latter case a small part of the stress-strain ¢ curve is 


te possib ess inten it from zero 
to maximum resistance in plastic ‘zones. ‘The curvature of the 
graph for such a stress range in an embankment cannot | be ignored — 
versely affecting th the validity of the analysis. 
Iti is to be hoped that further development of the authors’ attack on a 
problem of stability may introduce a substitute for Eq. y it appears to the ; 
writer that triaxial compression tests provide grounds for believing such 
+a development at least a possibility. Data from a limited number of triaxial — 
fics a on sand performed ¢ at the University of f Washington at Seattle, Wash ;' 


indicate that, for a given lateral pressure, the major part of | the axial stress- 


— = 
7 earthwo r than 
"design h new tool su 
— 
— 
‘het the 
Sy 
= 2 


in which € represents strain, m and n are constants for the given test, and i is 
base of natural logarithms. 


ee is, _ If more thorough investigation should confirm the writer’ ~ hypothesis that — 

there i is ava tilable a better approximation of the facts than Hooke’ 's law, the 
substitution of the former in 4, 31 would provide a basis | for i improving upon 
Eq. 3, and would possibly le. d to more realistic solutions than Eqs.15. 
It is true that such a development, if successful, would i increase somewhat 
the amount of laboratory ‘work prerequisite for mathematical analysis." This 
in itself would be a healthy situation. The general adoption of more rigorous ~ * 

a methods has a . tendency to obscure the dependence of all analysis - 


on the accuracy sy of the basic physical measurements. Enforced reliance on the > 


5 AM. . Soc. C. E.—The stress 
* ‘haba embankment, which the authors have presented, is a definite step 
forward in the knowledge of the behavior of granular materials. Many 
sy contributions, both theoretical and experimental, in this field of stress analysis _ 


are needed to create a Teasonable conception of the state of stress at all points 


cision, at the ss same time it helps to justify, use of “these 


within a granular mass. This field has been neglected too long, most probably _ 
- because of the supposedly insurmountable mathematical difficulties involved _ 
in dealing with a granular mass. If physicists and aeronautical engineers 
4 i have been able to treat, ‘mathematically, the behavior of groups of particles 
a having variable velocities in thermodynamics and aerodynamics, soil physicists | 
a certainly should be able to treat, mathematically, groups of particles having a 
variable masses. it is almost certain that statistical methods and 
branches of wil, application eventually in th 


ine passing through the origin of the Mohr axes. The division of the embank a : 
ment and foundation into elastic and plastic regions offers an interesting 
approach to the problem. The reported behavior of the elastic regions is” 
i reasonable since they decrease with increasing height of the embankment. — 


e concept of the reserve strength | R is valuable and should find much ap- 


— 
— 
— 
— 
ation 
4 — 
le 
— 
of | 
al 
i= 
as 
ic’ 
— 
Og 
mt — 
— 
3 in 4 
ad- 4 
ed, 
the 
rain r stresses in an embankment which 
q —— ainan ani: on fo nt w 
j rom the 
possible of existence so far as can be determine g 
the 
the — 


a 


- a to form a set of [ principal stress lines i ina granular mass and the body 


| 2 


The authors have shown that linear expressions for stresses can be 


pate ong found which satisfy this equation and the two equations of equilibrium of an 
element. As the authors state, future investigations must be made to find 


the possibilities of “expressing stresses in a plastic region by ‘higher degree 
a polynomials or tranacendental functions. This suggests that several solutions — a 
; may be found for stresses that are possible o of existence; and there will probably - 
be a need for one or more additional laws to. govern the solution before ‘ie 


‘errect one (or the most probable one) can be 
oe If the stresses | are expressed in terms of an Airy function, thus assuring © 


off 


equilibrium of elements, the quadratic algebraic equation becomes a dintieate | 
differential equation. Prof. Theodor von K4rmén, M. Am. Soc. C. E., drew 


ae attention to this equation as one among many non-linear differential equations H 

which | ‘the’ engineer ‘is struggling. It seems strange that 

engineering agencies interested in the behavior of soil are ‘not financing a 


‘program of mathematical research in the behavior of granular masses. _ ce 
other manner of dealing with the non-linear equation governing 
ed in a granular mass is the use of the principal stress lines as a coordinate system. 
aie this orthogonal curvilinear system the shearing stress vanishes and the 
non-linear equation becomes: linear. resulting equation is merely a 
Ae : a. proportionality relation between the principal ‘stresses as given by Eq. 11a. a 


A simple example will illustrate: Consider the two dimensional polar coordinate. 4 


forces to be negligible. The shearing stress 7,¢ is zero at all points, on the : 


‘diagram reveals that to toivatod. aft Yo subsided ‘ni 
in which K is Rankine’s  ccefcient;, either active o or passive. 3 ‘The | formulas 
for and in terms of an Airy function, are ™ 


or 


Assuming symmetry about the origin, ‘try the following bs 


Differentiating to obtain o, and and substituting i in Eq. 32: Totty 


In Eqs. 35, p is the value of at r =a. These formulas (represented graphi- 
= in Fig. 7) indicate the distributions that are possible in a solid or hollow 


Engi ineer Grapples with Nonlinear Problems," by T. von Karman, Bulletin, Am. Mathenatical 
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pressure of the hollow cylinder may vary Detween minimum and maximum 
values. If the inside pressure has an intermediate value, the internal stress 
distribution i is known. This 1 may be a statistical ptoblem rather than one 
in the solid cylinder, Curve il must be rejected since it 


w 


Fra 
defined by giving the stress circle on a  Mobr diagram and the 
x directions of principal stresses. ‘The ) directions of principal stresses at all 
- points: within the body may be represented by drawing the principal stress 
lines. it is apparent that investigators strive to find laws govern- 


even n through boundaries between elastic and ‘plastic regions. They are not 
 hecessarily representations of harmonic functions, or of La Place’ 
as one might be tempted to hope. this connection n it i is interesting 
- to note that, in 1941, M. A. Sadowsky’ showed that in perfectly plastic behavior yt 
(no internal friction) principal :'ress lines form an equi-areal pare? In 
elastic bodies these lines must be parallel and perpendicular to -unloade Me 
surfaces. In a granular mass this may not be true. 
oe principal stress lines for Example 1 (Fig. 1) may readily be drawn as 
shown in Fig. 8. These lines must be questioned, with a view toward en- 


uiareal Pattern of Stress Trajectories in Plane Plastic Strain, ” a,” by M. A. Satowsty. Journal of 
Be Vol. 8, No. 2, June, pp. A-7 4-A-76. 
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:. further study, | because they are not parallel and perpendicular to 


the embankment surface. — If the soil contains the slightest amount of cohesion, — 


orthogonal boundary condition must be satisfied since a stress circle can 


bate 


A 


ilure law should be represented by a wlan line passing through | the 
; i origin, but with extremely small steps. If such were true, a tiny circle could — 
. then be drawn tangent to the limiting line and passing through the origin of 
a PS the Mohr axes. This would demand the aforementioned orthogonal boundary ~ 
ee an attempt to sketch a set of principal stress lines ; orthogonal to the 
boundary one may try a set of circular and radial type lines. If an attempt 
7 Es 8; is made to picture the changing shape of these lines as the height of the embank- — 
ay ment is increased from zero to a maximum, this set of lines is rejected fora — 
“a -% of the type sketched in Fig. 9. These lines correspond to a non-linear 
solution. A few interesting observations can be made from this set of principal 
Be stress lines, assuming that the embankment has the maximum possible height. 
At point A, Fig. 9, the principal stress o; will be the minimum principal stress, — 


ee. 


— 


aiddiv 


a 


es whereas at point B the stress go, is the maximum principal stress. Thus > 
ae te some point between A and B, on any path that may be chosen, is an isotropic — 
point or one at which o; = Att this point, -Mohr’s circle degenerates toa 
gue! and there are no shearing stresses in any ‘direction. - Similarly, at point 
G, o: is the minimum principal stress and becomes the maximum | at point D. 


trajectory | of isotropic points as curve e EFG. This, curve 


final position ‘as “the height of the is increased. q 


ne expects the aes state to develop around the fillets from stress concen- 
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‘occurs 
? trajectory of isotropic points should lie within a band of elastic-state: stress ae, 
although the stress in such a band may be a matter of statistical mechanics ee 
the author's were applied to a symmetrical embankment con- 
= structed to maximum ‘possible height, it appears that the the principal stress lines = 
would be .vertical and horizontal. This must be questioned. This writer 
believes that at maximum height bs embankment there will be a maximum : 
a to express “arching” action 
= regions I and VII of Example 1, wideiald the truth would be a natural state ae 
with “at rest” pressures. This is a minor criticism. It is not apparent how a 
the elastic and ‘plastic regions extend downward into the foundation below | 
ie region shown in Fig. 4. The linear solution presented seems to be ‘Teason- ee 
able at an external corner, or apex of an embankment, but must be questioned — hk 
Seo applied toa reentrant corner or fillet since it does not appear to predict bs 
The comments presented in this | discussion : are not intended to be ‘critical 
of the solution _ presented ‘by the authors, but rather they a are meant to: assis' 


"matical theory. Attention might be called to the fact that, at present, soil 
analysts are unable to detect experimentally the state of stress in a granular 
- at various pdints. Hence there i is no manner of f proving by! the “scientific 
Be method” that a given solution i is true. — 


of problems it in the stress of soils. 
. HRENNIKOFF, _ Assoc. M. Am. Soc. _E.—The_ novel approach to 


The granular mass is visunlined by the ‘authors as divided into alternate 
elastic and plastic zones. The state stress in the former obeys Hooke’s 

_ law and is governed by the equations of equilibrium (Eqs. 12) and by the | 
equation of compatibility or continuity, which for elastic materials takes the 
q bs form of Eq. 3. The state of stress in the plastic regions is _ characterized by i 
E impending sliding at every point in the region, and is subject to the plasticity ve 

- equation (Eq. 16) in addition to the equations of equilibrium (Eqs. 12), whereas 
Eq. 3 does not apply since the the continuity has been broken. . Inthe these equations, i 

is made for the pressure of percolating water and ior the constant 

_ horizontal earthquake acceleration - Expressions. obtained for the stresses are 


_ linear functions of the coordinates. bree et : 


ae ‘The foregoing ‘presents an an outline of the proposed method, and now some — 


Univ. of British Vancouver, B. C., Cana Canada, 
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q struggle with metallic pressure cells they will make livuie progress. 
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HRENNIKOFF ON GRANULAR MATERIALS 


= i regions is the multitude of the states of stress that may ay be found for the hae 
exterior boundary conditions after some more or less artificial conditioning , 
of the soil mass. This important feature distinguishes sharply the problem 
ae ‘discussed here from the. problems | of the theory of elasticity, in which the 

To illustrate this point, consider a dam similar the one chown i in Fig. 4 

and assume, for the sake of sim plicity, that it is s ymmetrical about the vertical _ 

plane. Imagine, now, two adjacent thin, walls cutting q 


a 


iw the dam along the axis of symmetry and dividing it into two equal — 
parts. _ Holding the right wall for the time being in place, move the left wall 4 
pa horizontally to the left. | A passive ‘plastic state of stress forms now in the soil q 
BS in the vicinity of the wall, and this plastic region extends gradually to the left, — 
as the stresses increase with further advance of the wall. Next, leave the 
ia deft side of the dam at the location it has reached and a similar ¢ opera- ya 
. tion on the right half by moving the right wall an equal amount. When the 
oy soil i is so conditioned, eliminate the central gap between the two halves of the a 
by moving one of the parts, together with its foundation, toward the 


: oe other, and after that withdraw the walls. _ The two latter operations need not 
4 ae - change the state of stress previously created in the two halves of the dam. a ; 


a Likewise wall movements may be imagined it in the directions away from the © j 


S - soil creating an active plastic region in the middle of the dam. “An infinite — 
2 Rein, of similar but unsymmetrical movements may also be conceived _ 
leading to a wide variety ¢ of the resuitant states of stress, every 0 one e of which, 4 


tions of equilibrium, compatibility, plasticity, and the same exterior 
meg boundary conditions, as the solutions found by the proposed method. __ 
of these theoretically conceivable states of stress bear no resemblance 
=. the natural state resulting from the actual conditions of construction of the a 
embankment application of loads, and the character of possible failure. = 
ie It seems likely that the natural state of stress in the dam, as distinct from 
these artificial states, is also not | unique in view of the influence of such ‘rather — q 


indefinite factors as bulking, and shrinkage caused by 4 


the method proposed. A stereotyped assumption three regions, two plastic 
on the. outside and | one elastic between them, i is used instead at every pas»  - ; 
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very convenient from the qustherantionl point of view, but totally. unjustified Ao 
” Referring to the specific examples presented i in Figs. 4 and 5, the Presence - 
_ of plastic states in regions I and VII above and below the dam seems particu oe 
larly objectionable, resembling ‘too much the generally discarded Rankine’s 


_ theory of earth | pressure. — Also one does not see any Teason for the existence - Rie 
of plastic states i in zones III and Vv of Fig. 4. A dam \ with ‘slopes s as low as ei oe 
_ those shown in this example, and subjected to. no loads other ' than its own — 
eight, should, it would seem, be in an elastic state throughout... 
a at If the strecs pattern | found by the proposed analysis may thus be deemed. 
> % “fall short < of the mark, ” so the possible contention that the method ; answers 
the question of stability or instability of the embankment must likewise be; 


_ considered untenable in view of the e arbitrariness of location of the elastic ic and. 


&, Linear V. ariation of Percolation Pressure-—Such linear 


a assumed throughout the granular mass, as is implied ; in the form of tie expres- : 
: _ sions s for the integration constants, Eqs. 13a and 13, making the dow lines of i 
the percolating water straight and parallel in each region. on. This simple but 

: unrealistic assumption misrepresents the effect of water and greatly reduces, 


4 4 ‘related phenomena of boiling and | piping at the toe of the dam, rregeean es 
_Hooke’s Law.—Some error results from the application of of this 


to the ¢ elastic regions for t the e following text auivorq 


(a) The stress-strain 1 relationship for the soil is not quitelinear; 
4 Bs (b) The curve of unloading does not completely coincide with the curve of | 


continuity of deformations throughout all the past history of the soil artis 
> _ from the unloaded condition to its present state—that i is, through the the period: 
a of ‘construction, settlement, and the following volume fluctuations caused by 


temperature and moisture changes. 
™ uncertainty is not removed by the fact that, in the 


ay _ 4. Elastic and: Plastic Regions.—When loading decreases or reverses, the _ 
y ‘regional boundaries between the elastic and plastic zones undergo some shifting. 
_ A region that was formerly plastic but is no longer so after the load change. is. 3 : 
neither elastic nor plastic in the sense used by the authors, since the limiting | oe oe 
sliding condition exists no more, ‘and at the same time the compatibility 
equation does not hold in view of the continuity having been broken during 
the plastic stage. _ This consideration seems to invalidate the applicability o af 
Ge the method to the conditions that involve a reversal or a substanti change 
in the character of the conditions are in an earthquake : 


if 
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or in the case of a sudden drawdown n in reservoir 
eases which the authors apparently list within the scope of their leaaaelsaea | 
5. Continuity of Stresses —The assumption of continuity across the elastic- 
He plastic boundaries of the direct (normal) stresses parallel to the boundaries 4 


has not been substantiated and appears 


Some minor inconsistencies and obscurities 


ing 


‘the solution in Fig. by the pressure contours there se 
to be a lack of equilibrium in the water conditions at the boundary of sones 
a and VI. Again, the part played by region i regard to percolating water 


ie e is ‘puzzling. This region seems to be composed of a very pervious material — 
“ne through which the water coming from region IV falls as ‘through a chute. : 
‘This naturally raises the questions: Where does this water go, and how idk: 


Ee ae situation be reconciled with the presence of pressure head in regions VI 


nts Referting | again to Fig. 5, it ‘appears that the condition of equality of the - 


boundary stresses at the border of zones II and IV is not satisfied. same 


As the authors correctly point out, the state of stress in any elastic region — 

Meee seal satisfy the inequality (see | Eq. 16a) Ry > 0. Iti is insufficient, how ever, ‘4 
to check this inequality at an arbitrary ‘point, as the authors do, without 


‘ =&& that the function R» retains the same sign throughout the entire region. 4 

a ae so is not clear whether | the data presented in . Appendix II are based on ae 
__ theory proposed; and, in case they are, how they are derived from it. ee 
‘The foregoing reasons lead the writer to the belief that the proposed method 


speculative 1 nature and arbitrariness. However, this conclusion should. 4 


‘not minimize the credit due the authors for the novelty of approach and 
P. M. Am. Soe. C. 


this interesting paper consists in ‘subdividing an earth dam into several 
and “elastic,” the difference between them being that the “plastic” 
-Tegions are assumed to be o on the point of losing by shear, whereas 


general, is neither plastic nor elastic. It is that this inaccurate, 


_— 


aaa The “plastic” regions are brought to the state of incipient santo? e 
we by so changing both the vertical and the horizontal pressures as to just satisfy a 
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Existing M sthods Analysis E Earth Structures.—The existing mothods 
analysing earth structures may be ‘subdivided into two ‘main classes: 

: 3 Methods by which stability is checked without computing ; stresses at all in- 

; dividual points of the earth mass; and (8) methods by which such stresses is 

- Methods of Class (A).—A geological section of the locality should be traced, — 
= or the cross section of the earth structure located on it. For this purpose the ia 

ae general d dimensions of the earth structure are first chosen mostly from experience. _ 


apes, - From the study of the geological section and the | cross section of the struc 


to my structure?” As Hardy Cross, M. ‘Am. Soe. C. E, frequently says in 
his. lectures, should be answered by any designer analyzing h his 
_ structure—in any branch of structural desian. The most common case of 
possible failure of an earth structure is sliding along a more or less regular sur- 
face (failure line) — in cross section is generally assumed | to be an are 0 ofa 
circle (see Fig. analysis should be made for all possible cases of 


wedge I are ‘established, ea the safety factor found. 
3 25 _ This approach is deficient mostly because of unwarranted assumptions that 
must ber be made as to to the distribution of the ee stress and the tients re 


nce along the a assumed failure line int 


"points wedge I is con- 
sidered as a solid non deformable body, 
Fra. 10.—Seraration oF Part I oF 


never loses sight of the actual physical conditions of both the structure and its 
3 foundation. An appreciable percentage of earth-structure failures | are founda- 


- tion failures, and one of the peneioeh aims of the « designer i is to avoid them. i 


& 
3 


& 


Methods of Clase (B).—The | writer limits h himself to thods 


this class, both emanating from ‘the Bureau of Reclamation. In “one of 


4 the given point, a int the ‘Swedish method, and to o take. care of the horizontal L ae 
normal stress a “eompaction factor” is introduced. There” are 

* “stresses designed to make the stresses satisfy the boundary conditions. — 

a ing stresses are checked against the shearing strength of the material, ‘aking, 
into ‘account both friction and cohesion. In this way the factor of safety a 


- “Contributions to Soil Mechanics 1925-1940,” we Donald W. Taylor, published by Boston Soc. of 

v. E , 1940, pp. 337-386; also, “Stability of Earth Slopes,”’ by the same author, Journal, Boston Soc. 
PS “analysis and Control of Landslides,” by R. G. Hennes, Bulletin, Univ. of Washington, Eng, Ex- 

3 “Rational Design of Earth Dams,” by J. H. A Brahts, Transactions, 2d Cong. of Large Dams, Wash- 
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different salah of the dam is computed, and necessary | corrections are intro: 
into the preliminary design of the structure. Hane 
a (oe _ The peculiarities of the method described in the paper as compared to oe 
method by J. H. iA: Brahtz, just outlined, are the following: (a) Cohesion i is 
perce taken into consideration; and (b) there is no evaluation c ofa factor of safety, — 
simply a determination of what the call “reserve of strength” — 
in the “‘elastic’’ re Tegions. 
those in which a a failure is likely to occur, the method i in question approaches a 
methods of class (A) more Closely than does that of Brahtz, 


” Regions and Mohr’s Circle-—If the stresses, ‘ 


Tyz at a point are in pare the ends of the vectors repre- 4 af 
- senting these values (¢. = BC, o, = DE, tzy = tye = F’ E = CF, Fig. 11(a)) 
. are located at a circle termed, as is well known, Mohr’s circle. - Vectors BC and 4 


Cuca (a) A “Pastic” REGION; AND (b) AN REGION (GG’ =R) 


are plotted horizontally from a vertical line B BAD, A being a point located 


Ox, Cy and 7 Try = 


AG, its slope being equal to the coefficient of friction of the dren earth ma- 
- terial, f. In other words, make the : angle GAO equal to the angie of friction. 
point in question belongs to a “plastic” region if Mohr’s circle. 
ae a. AG as in Fig. 11. If Mohr’s circle is located below line AG and does = 
touch it, the point in question belongs to an “elastic” region. 
ager: Mohr’s circle also may be constructed readily for the case of a cohesive : 
a material (C > 0). All formulas of the paper from Eq. 4a to Eq. 115, inclusive, 4 * 
may be directly, or practically directly, seen on Mohr’s direle. No doubt 
these e equations are ‘correct, but most of them as represented in an analytical 
fea form are not necessary for the purposes of the p paper. In particular, R (Eq. 6a a) F 
ey is nothing else but the vertical distance between different points of Mohr’s 
mis circle and line AG. Its minimum value, function Ro (Eq. 6b), i is the vertical, ee 


distance between on parallel lines AG and AY G’, the latter being tangent to the 


ce e The values of the vertical pressure, oy, and the horizontal pressure, te 4 


; ig to be used i in the: construction of Mohr’s circle, should be corrected for percola- - 
ponents of the force of 


4 
| 
| 
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paper. The vertical ‘component 5 du uplift” )a gre The 


3 symbol C; as used in the paper is hs unit weight 0 of dry earth material, plus — 


the of moisture i ‘in pores, if Hoag, uplift if any (Eq. 13a). 


See The horizontal component of the percolation force, —— 


Ou and the 


“force of earthquake, h, per unit of volume of the dam, decrease the lateral 
a ‘support. The algebraic sum of these two quantities, designated by C1C: in 
x the paper, is given per unit of volume of the dam. It must be recomputed per 
unit of the cross section of the dam as shown hereafter, 


goods cop in 204 


athe. 


Fra, 12,—NorMat Srazssxs anp 4 “Pragtic" Rearon 


5 


_ 8 vertical prism ABCD having DC = 


Point (x, 


_ correspond to the point where stresses are to be compute if Cut from thedam — 


ica = 1 sq unit for base, this ‘‘unit”’ being 
small. given point is supposed to be at the middle of this base. The 
latter carries the vertical volume forces of the prism ABCD, which amount to — 


percolation, per unit of volume of the structure, are denoted by and in 
— 
— 
differential equations to compute stresses in ‘‘plastic” regions may be avoided 
= by using the following simple procedure. Refer to Fig. 12(@) in which — 
the q — 
— 
— 
la 
— 


of thoes forces. 


there i is an excess s of ating along a area FC = = 


since the shearing stresses along areas AD ‘and BF are Hence, 


base D’ Chai 
8q unit. ae 12(b) is a complete analogy of Fig. 12(a), and the horizontal _ 


only one half of the dam as in Fig. 12. at 


Remembering n now that Tye Tans ‘multiply Eq. 36a by nm? and subtract 


se Eq. 36) from Eq. 36a, thus modified, eliminating Tzy. For given values of the 


| 


oven 


4 


— Fy =3.47 forn=3 
; 


“Puastic” Rearon (Case Ci = 0; Fias. 4 amp 5) 
nee which K is a constant to be measured on Mohr’s circle Gg. 12). Fist, 
draw a horizontal line A pee a line AG with a slope fag 


coefficient of friction f and nd of the slope Nn, and if A= 0, the ‘Pressures dy and 


Berween Tae Verticat aNp THE HortontaL SrResses 
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KRYNINE ON GRANULAR MATERIALS 


». The two 
and AC! | slope — determine vectors BC and B’C’ 
corresponding to the horizontal pressures Os Tn their turn, vectors DE and 
rug C, is not equal to zero, the dam may be visualized as having a steeper 


slope > and being at the Plastic’ state under the action of the vertical 


n no 


5 
4 


Introducing the value « of Tey from Eq. Eq, and dividing Eq. 36a, 


the values: and in which n and C; are given, and 

for various points C as in Fig. #K9), _ Plot these values from points 


ward, along % radii of Mohr’s circle. The intersection of curves I and = 


simple 4 trial- and-error procedure 
would also /serve the same purpose. 
It is easy to see that Eqs. 36 and 
37 furnish the same results as Eqs. uals \ 
In the case of a ‘ ‘plastic”’ ‘region / 
ga as I or VII, in whichn = ~, the gin ai 


(Eqs. 22), and no special: derivation 


a is postulated in the paper that thema- sists: ey 
terial i in the “elastic” regions obeys inte 


i 
-Hooke’slaw, whichisnottrue. After- Fre. 14—Ratro Berweun rue Vanricat AND 


E STRESaES IN 
ward the condition 1 of | compatibility 


4 used under the form of Eq. 3, which p 


Presumes that the material obeys Hooke’s law. this ‘condition, it 
that ‘the stress distribution in “elastic” regions is rectilinear. This result is all that 


needed for in the “ “elastic” ” regions. goon as the stresses 


ate 
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4 


by tracing lines as in Figs. 4 and 5, since ‘equality (not ‘continuity’ 
as the authors state) of stress across a boundary is ‘postulated. — Under the 
ae circumstances, it would be much simpler to postulate, directly, the rectilinear hi 
= distribution in 1 the “elastic’’ re 
“Slip Lines.—Instead of using Eqs. 24 and 25, the slip lines in a boundary- 
_ less “plastic” region may be | located simply | from Mohr’s s circle (Fig. 11). The 
se major ‘principal stress, 01, makes half the angle FOE with the vertical. The 
_ two systems of slip lines make the angle 45° — } arc tan f with the direction 
of the major principal stress, on both sides of it. AVL mae, 
Title of the 'Paper.—The writer r believes that the title of the pi paper is 
na appropriate. It is very questionable whether this method can be applied in 
aD the case of embankments made of a material different from the foundation, . 
especially on a transverse slippery slope. agreed is the case of many highway ¥ 


3 


+ 


bs 


Conclusion.—In the opinion of the waiter, ‘the ‘method described in 


> 


paper is interesting and | original. ‘Unfortunately, the method i in question al- 
though simple i in itself, has been developed and presented i in such a manner that 


a screen of mathematical symbols obscures its physical significance. 
nes 
Be objects to the use of Hooke’ 8 law for the material in the elastic zones, ce 


quotes test results i in support of his objection. The type of stress- strain 


| 


principal stresses are held constant and the first -prineipal stress is raised 
as progressively until failure occurs. The elastic modulus obtained by dividing — 

_ the first principal stress by the total strain is variable, beginning at a finite 4 5 

value and descending toward zero as the test proceeds. The finite value at a 

ries the beginning of the test is due to the initial pressure which must be placed y = 

on it when the test i is set up. If the test is performed by starting all pressures 

re at zero and thereafter bringing them all: up together, sO that a definite and 

pix stable relation is maintained among them, a different result will be obtained. & 

a In this case the modulus, obtained in the manner ‘described, will start at zero 

increase as the first principal stress i increases. wee 4q 

. 4 _ A third result can be obtained by holding the second and third principal — ; 

Stresses constant, bringing the first principal stress about halfway to the failure 

chee point, and then determining the elastic modulus by observing the strains ac- : 

- companying | a partial ‘release and restoration of the first principal stress. A ae 
< change in density of the specimen due to a different packing will also modify — 
the results. Some test values are given in Table 
In view of these ‘differences: it would appear that 


“Senior Engr., Bureau of Reclamation, Denver,Coloo 


aid 
: 
Ag 
= 
if 
> 
i- 
t 
— 
— 
te 
ve 
if 
‘pr 
of placing it in the dam, and the loads to be placed on it thereafter. th 
In connection with Figs. 8 and 9, Mr. Benscoter presents a discussion that 
ransnnahia for cranuler- mass-with enhemon ‘The harienntal diract 4 
— 


Fig although not 
stress, is only’ than a fourth of the vertical stress, 
Similarly, for point B, slightly below the surface, the direct stress to 


hes downstream slope i is almost twice that perpendicular to the slope, although | 
THE: Exastic Mopvtvs, Compurep From T 


OF A Fine 


Gr 


Grain Size, 0. 04 to 0.60 1 mm) 
1.—CompuTep From VoLuME CHANGES Case 2.—CompuTep FroM A TRIAXIAL TEST; _ 
Propucep BY THE APPLICATION OF =| Hyprostatic 


Hyprostatic PressuRE* 100 Ls Sq 
pressure Volu me strain | Elastic modulus Deviator stress cas | Axial strain Elas tio modulus 
(ib persqin.) | (in. perin.) | (lb per sq ft) (Ib per sq in.) | Gn. per in.) | db 


440,000 0.0215 | 1,232,000 
850,000 | 00323 000 


ee, Computed by dividing the stress by the total linear strain. The linear strain is computed by dividing foots: 
the volume strain by 3. & Computed by dividing the deviator stress by the total axial strain after the start y 


these stresses are ‘not the ones. As he states, correspond 


4 aii when instability was ‘aiaaie by raising percolation gradients in region 


The writers agree with Mr. that! the of 

_ theory to soil analysis problems i is behind similar practice in other fields, and € 

a _ they look forward to further development. J They also a agree that new methods 

for measuring pressures in embankments are needed urgently. 

Professor Hrennikoff comments at some length cn the uniqueness the 
_ solutions and concludes that the proposed solutions are unacceptable unless 
7 “some additional proof of their reasonableness can be supplied. To support | 

2 his conclusion oe describes procedures by which he attempts to show that ee 
conditioning of the soil mass. The w writers object to his demonstration ¢ on'the 

; following grounds: The passive, plastic- state, stress distribution requires the © 


aS it would be impossible to set up such a state by using | a smooth wall inthe — 
_— manner he describes. This statement is true also for the active, pltio-Wtahe, 
‘stress distribution and all the possible intervening elastic states so long as the © 
_ boundary slope is. not horizontal. A similar difficulty will be encountered if 
eS the wall is to be made rough. In this case, any of the foregoing stress states — y 
could be set up. because the shearing stresses required on the vertical planes — 
could now be maintained; but it would not be possible e to eliminate the central 


wi ithout, altering the shearing "stresses because a removal of the walls 
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a discontinuity i in the he shear stresses along the plane of ‘4 

This discontinuity represents a major violation of the requirement for equi- 

; librium. If an elastic zone is introduced, these difficulties can be removed and 


it can be ‘stated t that a solution | satisfying the equations, free 

aforementioned difficulties, will 1 require the existence of stresses along 
boundaries and these cannot be sustained by a cohesionless material. The 
4 : active state was chosen for regions I and VII for the examples in Figs. 4 and — 


i eee 5 because it was considered to be the state which probably would exist in a a 
ss _ granular mass that had been deposited by 1 running water, as would be the case — 

a a ‘nai Having disposed of ‘these details, a . consideration of the question of unique- j 

a = ness may be re resumed. _ Professor Hrennikoff is correct when he states that the 

oy solutions are not nahees:- The writers would like to urge, however, that the 

% ‘ee ‘difficulty is not due to the form of their proposed solutions but is inherent i in 
Ber nature of the problem. ms This may be illustrated by the retaining wall 

5% problem. Here the active and passive states represent limiting states bey = ‘ 
stress distributions of the linear type cannot exist. Between these 


limits, he there are a multitude of elastic states possible, and it — of 


pas _be noted that all of them, including the : active and passive cases, are solutions 


ra _ of the differential equations (Eqs. 3 and 12) which meet the boundary condi- 

meh tions. This does not include all the possibilities, since additional solutions of © 
type probably can exist also. is evident, then, that Rankine’s 
_ active state solution for the case of no surcharge, for example, is not unique in — 
= sense that this distribution must exist to the exclusion of all others. 3 It 

ame a physical possibility, however, in spite of th the | fact that tests and ex- e 
perience show that greater horizontal pressures can an exist . In: practice, other 
factors besides the satisfaction of the differential equation and the boundary’ 

a nie _ conditions must | be taken into account when a decision must be made as to | 
the « design pressure eof a retaining wall. These factors will include a considera-— 

o of the manner of placing the backfill and the conditions of service after 


ae ey It is necessary, also, to exercise an intelligent choice when selecting the 

stress states for the plastic zonesinadam. An active state for the downstream 
—— cag slope might be reasonable for a dam that is to be constructed by rolled-fill _ 

methods, whereas a hydraulic fill dam might require a a different choice. ‘These 

remarks will apply | to the comments in Professor Hrennikoff’s sections 1 and 4. 
a >. The questions raised in section 3, regarding the use of Hooke’s law, have - 


been dealt with i in n connection with Professor Hennes’ discussion. 
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‘AND D CORNWELL (ON GRANULAR MATERI 


to difficulties in . regard to compatibility of strains on the elastic side of the 
boundary i in the case where this zone is widening. In other cases, a choice of re 

- equality for shear stresses along the boundary and for direct stresses normal i, 
to it seems to be indicated. In Fig. 5, if the percolation pressure gradients in 
gone VII are raised a certain amount, the elastic zone VI will collapse to a sade 
simple boundary, subjected to such a stress condition. In Example 2, the 
Teoma pressure portion i is incomplete, : as was stated in the original de- 


seriously the validity of would be affected these limitations, 
- gome tests were conducted on model dams. _ These were built in a special — 
tank which was about 20 ft long, 4 ft deep, and 3 ft wide. The model dams" 
approximately 2 ft and rested on a foundation about 2 ft deep. 
_ The case shown in Fig. 6(c) was tested on several occasions with a dam whose =i 
as upstream and downstream slopes were 1 on 3 and 1 on 2, respectively. — The ‘ 

that a sliding failure should occur at the downstream 
toe, with an upward percolation pressure gradient i in zone VII, which would be 
tap gied less than that required to cause piping. The exact figures for one of ans 

4 the models tested were 113.2 25 and 123. 10 lb per sq ft t per ft to cause sliding and a 

piping, ,, respectively. The sliding failure was observed to take place’ at the 


ie expected gradient and before any mene had been removed by piping. , The oa 3 


concluded from this test that the pa portions of the percolation pressure 
pattern did not influence the results of the computations greatly. 


s satisfied at the two boundaries. The reason for this may be stated as | fol- es 
lows: The equation for Ro is second degree in z for any constant value of y au 
(say y1) when linear stresses and a uniform coefficient of friction are assumed. ey 
A plot of this equation will show intercepts on the z-axis at both 2, = 6; " ahr 
t= a; when n plastic regions bound the elastic zone along z = By and 
= ayy. Therefore, to check this inequality, the condition R > 0 at only 
one point along the line between (x;,y:) and (z2,y:) is sufficient. same 
_Teasoning would apply for any other constant value of y, such as Ya ete. ; 


_ therefore, to check the ‘inequality at only one point within the entire region 


and 2 of Appendix II were worked o ut of means solutions of 


"ystems of percolation pressure contours and are shown in Figs. 6(a) and 6(d) RS 
- Table 3 was computed d by determining th the percolation Pressure gradient in aye 


tate. For 


zs 
judgment. In the case of a dam subjec oa changing load, where the = 
a boundaries between elastic and plastic zones must move, it. was considered a ss 
__that a discontinuity of the normal stress parallel to the boundary would lead 
— 
this case, the choice of a percolation pressure was made so that the actual __ q 
4 
— 
a — 
— 
= 
A 
_ 
discriminant was set equal to zero, and values of n were determined for the 
— 


lesser gradient, zone ne VI is zone VII is in the elastic state, as 
_ Professor Krynine presents a summary of present methods of analysis: of 
_ structures, which he follows with a brief geometrical interpretation of 
- conditions in the plastic regions. This latter interpretation, together with his 
: A explanations of some of the mathematics, should prove helpful to any one going 
4 the method for the first time section intron that differential 


- Hooke’ 8 law is postulated, or rectilinear stress in the elastic region is aaaiae’ 

- makes no difference, of course, when the designer is limiting himself to linear — 

~ solutions, but as stated in the conclusion to the paper a general me method of — 
= approach was being developed. The procedure as used in the paper - would — 

hold even if neither ‘Hooke’ 8 law nor rectilinear stress were assumed, = mek 


thanks to those who have contributed to the discussions. 
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DRAINAGE OF LEVEED AREAS IN. sib 


Wim DISCUSSION ‘BY RS. MERRILL BERNARD, K. Suermay, C. oO 


Crark, W. w. Horner, T. Witson, WwW. LaNGBEIN, 
dl Various methods of disposing of the drainage from streams tributary io 
eveed areas are outlined in this paper. Brief consideration is given to the i ; 
characteristics of these methods in fulfilling the design criterion that local 
drainage must be disposed of without causing damage appreciably greater than 5, 
if the streams could flow unobstructed to the main river at low stage. 
details of method of analyzing local hydrology. and developing 
ee capacities of drainage ‘structures under various conditions are presented. — vg 
_ Graphs show volumes and rates of rainfall and runoff used in the design n storms oe 
- and floods, and relations between selected capacities and available storage for i 


drainage of the flood plains of deep valleys th in 


more problems, and fortunately more possible solutions to those problems, ' 
HS than does the drainage of other types of leveed areas, . For example, i in provid- 
5 in ing for local drainage of areas behind levees in the lower Mississippi River — 
the, in general there is no alternative but to install pumping stations, as — tg 
_ there i is no opportunity for providing head or storage for other types of works. eg 


a Also, the drainage of an urban area in relatively low country 2 already provided he 
with a storm-water drainage system can be disposed of only by a pumping 
sation directly connected to the outfalls,§ A 


F ati, The problems of levee protection and subsequent local drainage i ina mou — 
ti 


— 


ainous valley may differ from those in level or rolling country in the ey 


Hydr. Engr., U. 8. Engr. Dept., Wilkes-Barre, Pa. 
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hydrologic characteristics may differ from those of the protected areas. 


bike’, 


Levee protection i is justified only for areas, in which 
4 


3 


(2) The narrowness of the flood plain and the concentration 


limit the space for, and type o of, structures to be built; 
reall The ‘topography increases the drainage area tributary t ‘etie leveed 
= 

The (4) The requires that drainage be provided for streams whose 


Conditions (1) to (4) have been encountered in connection with flood- 
a protection projects on the North and West branches of the Susquehanna River 4 
tee _ in Pennsylvania at the communities of _ Wilkes-Barre, - Hanover Township, 


Kingston, Edwardsville, Plymouth, ar ‘Williamsport. The hydrologic pro- 


Bes . cedures to be presented in this paper were , developed particularly for the design 


G 


improvements. Flood protection fr from small is very rarely 


7 


‘a 


a the works at Hanover Township, Plymouth, and Williamsport. 


cid of the U. 8. Engineer Department for the protection 
communities specify the river against which protection is provided. 


degree. of afforded against the river is 


_ The problem of preventing conditions within the leveed area from being no 
oe worse than ‘if the tributary stream could flow unobstructed to the river is a 


- difficult one and requires the consideration ofa . variety of situations. tis” 


damage from being pp tet greater than with no levee and the river at un q 
ws ao Benefits resulting from the fact that the main river has been prevented 
é. > from entering t the leveed area do not affect the « economics of the local drainage k 


problem because the elimination of main river r damage has already bem con- 


sidered i in determining the justification for the entire project. = 
There are two con conditions for the effect of floods on local 
(a) When the 1 main river is 
(0) When the river is at or above flood Stage and ‘special ‘drainage works 
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— inst the confine ired against § m 
— a substantia otection is no be 
provides for corresponding degree of ys required that ‘ 
flows ks on the main river shall not sires flood protection from 
protective wee ms. If community desires flo rt of an authorized 
— the tributary streams. Ifa provements not par th 
ME =———iséloods on the tri n, or any other local improv ich in turn may request 
¥ a tributary stream, or any ization from Congress, which in tu 
— a horizatio on 
— utho 
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On the North Branch of River conditions are 
a largely confined to well- defined seasons and therefore require a detailed study of 
conditions re characteristics of those seas 


“There are six beste methods of disposing of local drainage from 
passing through leveed areas. s. These methods aré: (1) Levees or walls along 


ersior el (5) Storage ‘Teservoir and (6) pumping station. “Any of 
hese methods 1 may be used alone, but two or more are » customarily used i in com- 


4 bination. _ The selection of any method or combination of methods i is based on 


(1 or Walls Along | ‘the Tributary Stream. .—From the of 
“simplicity this method i is to be preferred. However, it may be relatively costly 
_ for small tributaries or those with a Fiat aoa area of less than about 50 sq 
The levees or walls. must be extended upstream | along the banks of the 
“tributary to high ground and | must be at an elevation sufficient to provide ~ 
freeboard under all reasonable combinations of coincident discharges at 0 aa 
( . Ifthe tributary flows through an urban area, , Tight-of- 
way ‘costs for levees or walle may be prohibitive. Some tributaries along 
Susquehanna River enter the flood plain at right angles to the course of the 
river and flow parallel tot the | river, Sometimes for several miles, 
before finally emptying ‘into the 1 river. Under such conditions levees. along 
~ the banks of a tributary become a major project in themselves. Levees or = 
walls may be constructed part way up a tributary to connect with other works, es 
‘such as a pressure conduit or pumping station, Levees have been provided i in 
the Susquehanna River projects only on Lycoming Creek at Williamsport, 
> ale has a drainage area of 269 8q miles, but they were considered for other 
(a) Culvert with Floodgates. Relief culverts with ‘Poodgates weed” for 
“floods occurring when the river is at low stage. Floodgates will pass local 
= drainage at any stage in| thé river, provided there i is sufficient differential bead 
resulting from ponding at the intake. The selected size of culvert depends 
< - upon the design inflow and the allowable ponding elevation at the entrance. 
5. Bs The latter elevation i is dependent on the damage that will result from ponding. 


peroned it is s impossible to eliminate all ponding at the levee and still obtain - 


every point of natural outlet at levees in the Susquehanna River projects 
3) ‘Pressure Conduit.—A pressure conduit may be used if there is sufficient 


head. The total energy head or difference i in elevation between stage in the = 
river and the energy elevation at the entrance must be sufficient to eorrste 
losses i in the conduit and to Produce velocity of flow under va various sulle nedie 


— 
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— 

— 

bec 

Datteries of culverts, there may be justification for providing smaller Openings 

in combination with a fuse plug in the levee that can be blown out if conditions 

ks — 

| 


ag = as an outlet for storm-water drains, a separate intercepting sewer must be 
built or connections with gates or valves provided in the conduit. Pressure 
also require supplementary works consisting of a pumping station 
‘and a relief culvert. The | pumping station is required to dispose of runoff 
3 from the undiverted area and runoff from the diverted area in excess of the — 
capacity of the conduit. The latter runoff will usuaily occur during low stages 
ar ‘in the river and will pass ‘through the relief culverts. The only ‘pressure 
duit under construction in the Susquehanna River flood- control projects is on 


Ks invalids areas is s usually practicable phe’ when a stream is close to the limits 
of the protected area. In such cases changing the natural course of a tributary > 
‘ ‘is often the most economical procedure. — However, if 1 the f fall fi from the point 
of diversion to the river is great, and if there are highways and railroad tracks ‘= 
to be crossed, the costs of drop structures and bridges may indicate that some 
_ other method i is more economical. ry Diversion ch channels" have been planned for 
Coal Creek at Plymouth (diverted area, 1.6 sq miles) and Millers” Run at 
(6) Storage R Reservoirs. —Under certain combinations of favorable conditions - s 
it may be economical to construct storage reservoirs s to impound the runoff of 
tributaries during floods in the main river. _ Reservoirs may be located at 


or at elevations farther upstream. order to satisfy the erie 


44 


a 


ot 
a —_ to provide ai for the limited period i in which the relief cu 
Eat he ‘not operate. — Such reservoirs may be effective with only 2 or 3 i in. ae storage 
instead of of the 6 in. usually considered necessary for flood control. Reservoirs 
’ ie serie dams must be constructed back in the hills where dam sites are available, — 
ae in which case there usually will be a considerable uncontrolled area, the runoff _ 
os. from which must be pumped. In addition, the usual relief culverts must be 
‘provided for floods not controlled by the reservoir. _ Reservoirs with dams o. 
 havet been considered but never found to have been justified in the solution of fF 
levee drainage problems | in the Susquehanna» River ‘Basin; reservoirs 4 
adjacent to levees have played an important part in the solution of such 
(6) Pumping Station.— —If the hydrographs for design floods are routed 
through existing ponding areas and constrictions in the channel and valley of a 
__ tributary stream, it often will be found that, with only a relatively small rate 


q construction n of the levee. Hence, a ‘pumping station i is used more than : any 


— 
— reduction in the area diverted and an increase in the length of the conduit. 
e d ss Pressure conduits are most practicable where the flood plain is narrow so that 4 aa 
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jacent t to the levee. storage is ust usually in low marginal areas” 
development has been limited and where damage will be slight. The chance — 
_ that such areas may be developed and filled after the | levee is built must be R 
7, considered and requires an appraisal of possible future development. Relief 
culverts must be provided in connection with pumping stations to dispose of ties 
‘runoff that may occur when the river is is at low stage. A total of eleven pump- : 
: 2 ing stations is planned, for unsewered or partly. sewered areas on Susquehanna 
River levee projects in Pennsylvania. An additional eleven pumping stations 


The determination of appropriate rates and volumes of runoff t used in 
the determination of the capacities of drainage structures is exceedingly diffi- 
a cult, ‘especially when there are no available records in the immediate vicinity 4 
=‘@ oof a project. It requires a consideration of the seasons in which different. : 

a conditions | may occur, an analysis of rainfall and runoff characteristics of these 

~ seasons, and a determination of the runoff characteristics of each sub-area to 

drained. . In usual storm-water drain design it is considered necessary 
In 


problem i is to determine, : as well as to route, hy that a 
reasonable probability of occurrence under different conditions. 
ata.—It i is desirable to have actual records or estimates of tagein 
- the main river, of runoff fromthe tributaries, and of local rainfall and snowfall. _ 
If the main stream is important as is the Susquehanna I River, long records 0 
stage are usually available or can be determined from near- -by places by mean: te 
of gage-relation curves. Continuous records of stage on the North Branch | bak 


at Wilbes- Dare began i in in 1896 an and o on the West, Branch at Williamsport ir in 1895. 


is too unimportant tq be gaged. On some are a few flood marks that make 
4 it possible to estimate the maximum floods known to the residents. ot For the | s 
ad 1 most part there are no o records on which to base times of concentration or unit- iy 


upon which to determine the frequency of rainfall intensities of 
short durations. These gages are located at Harrisburg and Scranton. All 2 . 

_ these records have been analyzed and form the initial basis | for determining the * 

% fiat In order to obtain more reliable data on the runoff characteristics of the 


anal drainage are areas adjacent to to active ¢ ‘or proposed flood-control projects the 
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. 8. Engineer has established, in cooperation with the U. 
_ Geological Survey, a number of gaging stations on small areas. The mrmovend 


areas on which gaging stations were established are listed in Table 1. _ bouts 


TABLE 1.—Gaarno STATIONS ON SMaL also established on the head-— 
AREAS IN THE SUSQUEHANNA River waters ¢ of Solomon Creek. ~The 
Basin IN PENNSYLVANIA new system of ‘recording rain 
gages established by the Federal 
Place Areas State Flood Forecasting Service 
Pennsylvania is proving of 
3 | newly entedlished stream 


rr ee money in the design of drainage structures. 
valor Flood Season.—The flood season on the Susquehanna River was determined j 
from an analysis of ‘Stage records at Wilkes-Barre. The number of flood peak 1 
the record above damage stage are as follows: a 


fe * ow Iti is evident that 83% of the peak damage stages shave oceania in a the season 

from: November to April, inclusive, and that March and April : are the most 

es severe flood months. The purpose of defining the flood season is to determine | 
a when the drainage structures will be used and what rainfall and runoff condi- 

bt tions can be expected during the period of use. Runoff from snow cover can 

be expected throughout the selected season. If the season had been extended _ 
en? farther to include October and May, the absence of snow runoff and the in- 
is creased losses from infiltration would counteract the higher rain rainfall rates to be 


Rainfall in Flood Season.—It should be emphasized that the drainage areas 
7. under consideration are so smal] that point rainfall data are sufficient for winter — 
eke storms and lead to a desirable factor of safety for summer storms, and that — 
on area-depth relations need not be introduced to add to the complexity of the 
problem. A study” was made first of 1- day and 2- day peak rainfalls in the 
_ flood season for eighteen stations in northeastern Pennsylvania. The exces- 
sive rainfalls were tabulated by months and then combined into a seasonal 


record. of the various rainfall depths and 


= oy season, often give information that results in the saving of large sums of _ 
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of rainfall, and that the actual durations of the rainfalls probably varied over a 2 
wide range, there is a remarkable correlation between the results. This is =e 
* due i in part to the fact that winter storms cover wide areas and cause a _— oe 
cae 
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oa Rainfall to be equaled or exceeded once in the ae period indi mal divi ween Susquehanna 


tively uniform distribution of precipitation. Such a correlation, which has 
anticip ted by other r inv stigators,? should not be ‘misconstrued as indi- 
eating a high degree of ‘accuracy in the frequency-depth relations. Some > 
other period of record might show a similar correlation but not the same 
Because the critical ‘yainfelle on are those of high intensity nd 
short duration, records of calendar-day rainfall have little application except oe 
_ where extensive flood | storage is planned. — It is believed, however, that these 
| rainfalls ¢ can be used as an index of the possible regional variations in rainfalls 
of shorter durations. — Furthermore, the data in Table 2 indicate that, forthe __ 
winter season, , the i increase i in depth of rainfall with decrease i in freg aency ae 
small. For example, the average increase in the expected depth of 
a -Tainfall between the 5-yr and 10- yr frequencies or between the 10-yr and 15-yr 


is only about 10%. This characteristic of the winter storms is 


Reliability of Rainfall Intensit -Frequency by Cc. W. Thornthwaite, Transac- 
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eS of protection against interior flooding ean be increased often without a large 
__ In order to obtain data on the winter rainfalls of short duration, the original 4 
4 
eee s ae peak rainfall depths for durations of from 5 min to 12 hr were determined 
a _ The rainfall depths for each duration were arranged in order of magnitude, and > 
the frequency with which each value was equaled or exceeded was computed — 4 
and mean curves drawn. Frequency curves for the Scranton record, which 
i differ but little from those obtained from the Harrisburg record, are shown in _ 
_ Fig. 1. Total depths of rainfall, instead of hourly rates, were used because 
ge _ they: can be applied directly to unit hydrographs and because depth-frequency 
curves when plotted on semilogarithmic paper indicate straight-line relations. 
computed frequencies for the rainfalls of all durations, including the 


a, 
2 
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te items are arranged i in descending order of ‘elaiiltalie: and f = frequent; in 
* Et years, with | which any item will be equaled or exceeded. _ Eq. 1, which is sbased — 
a oe. on the theory of least squares, has been universally éevepted in estimating 


flood- peak frequencies but has been rarely used in determining rainfall fre-— 
s a quencies. No doubt the reason is that rainfall records furnish more items for 
= analysis, and investigators hav considered that theoretical adjustments to 
an available records were not necessary. The formula is just as applicable to one 
yt , type of frequency analysis as it is to another, including the construction of i. 
Design Storm for Flood Season.— —In selecting a a design storm there are ‘two 
 — courses of procedure. One is to use the actual rainfalls from some _ 
severe storm of record in the flood s season, and the other is to derive a . synthetic — : 
4 om storm from rainfalls of equal frequency. The first method may result in either 
or over-design of drainage structures unless the characteristics 
of the « design storm are compared carefully with many other storms, particu- - 
me larly those that have occurred during high stages in the. main river. The 
*: Oe second method, which w was chosen for use in the Susquehanna ] Basin, results i in 
storm that is rarer than the indicated frequencies of the rainfalls 
. but eliminates toa large extent the uncertainties resulting from the use of a 
a storm. _ This procedure has been suggested by other engineers. ' oa 
eG An examination of the rainfall depths in Table 2 indicated that the etioe 3 
2 the recording gage record at Scranton could be applied to areas in the 


- vicinity of Wilkes-Barre. In applying the same studies to areas in the vicinity — 


* “Duration Curves,” by H. Alden Foster, Transactions, Am. Soc. C. E., Vol. 99 (1934), pp. 1213-1267. 


& ‘ Discussion by Merrill M. Bernard of “Relation Between Rainfall and Run-Off from Small Urban 4 
W. W. Horner and F. L. Flynt, ibid., Vol. 101 (1936), p. 189. 


age Basins as a to Storm Sewer Capacity,” by John A. Rousculp, Civil Engineering, 


a charts for the recording gages at Scranton and Harrisburg were studied. | oe 4 ) 
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than about 8 sq miles, rainfalls in Rs 


sre deri aily rainfalls of th 
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1007% runoff i in winter season and that, in addition, would be Tun- 


design storms of different are shown in ‘Fig. curves of 
: rainfall snow melt are shown i in Fig. 
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ae this point it i is well to raise the qunstion as to whether the design storm 4 5 3 


e be based on all rainfalls in the flood season or on rainfalls that have 


Matter rainfalls should be used, but practically they do not form a reliable 
basis for design in the locality under consideration. Using available records 


of daily rainfall it was found, for - example, that the 10- -yr, , I-day rainfall for 7 
& > flood season was —_— or exceeded about once in 35 or 40 years in 


The results were not and no reliable 
. oe be drawn. It was noted, however, that many intense hourly — 


rainfalls did coincide with high stage in the river. In order to determine 


os frequencies of rainfalls coincident with high river stages, which would be as- 
- reliable as the frequencies of rainfall throughout the entire flood season, it 


Sie would I be necessary to have a record ¢ of coincident events three or four times as a 
jong as the available rainfall record. It should also be emphasized that 
- winter floods on the river and on the small tributaries do not have independent — 


at _ storm area. Peaks of floods on the tributary streams will aren coincide with 


oe on the main stream, but tributary peaks will often coincide with high 
stages on the m 
4 


- occurred coincidental with flood stage in the main river. - Theoretically the 
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; rivers that take many days to reach their flood create, it may be safe to base 
the of f drainage ‘structures: on known rainfalls coincident with high 


for cities along the Ohio River, where there are long of river stage and 
- coincident rainfall. On the Ohio River below Pittsburgh, Pa., it can be as- 


4 if sumed safely that there is no relation between local r runoff : and floods on the a 


- main river. The duration of high stages is much longer than on the Susque- % 


de 
Design Hydrograph for Flood —Flood flows ‘that would result 


actual records of runoff ut most of of unit hydrographs 
U nit Hydrograph. —The basic procedure in a synthetic 


“hydrograph was first to derive a unit hydrograph for a rainfall period equal — 


of the time of was & in itself, 


E., was used. 


lation factors based on length of stream channel, , slope of channel, and average 


slope of basin. These factors are plotted against known times of concentration, 
and the resulting curve is used to ) determine times for other areas where only 
the: correlation factor is known. The results from the data plotted by Mr. _ Ses 
:  Kirpich were extrapolated to give a basis for determinations applicable to the 
larger and more mountainous areas in the Susquehanna Basin. ‘The extra-— 
4 polation was checked « closely from field data obtained from one mountainous 
- area of about 15 sq miles. — It i is realized that no results of great precision are — 


w. Furthermore, 
more field data available, it is that extension of 


me procedure will | yield results | of greater precision. 


equal to the time of the ¥ 


#“Analysis of Run-Off Characteristics,” Otto H. Meyer, Transact Amn. Boe. Cc Vol. 


arch, 1936. In th ce in the il 
In the flood of M usquehanna Basin, as i 
flood rises above the damage st pril, 1940, there were thr 
— 
unit hydrographs for ti i 
ire storm rainfalls were consi 18 local areas. As ment 
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DRAINAGE OF LEVEED AREAS fee 
rate of runoff ‘will equal the rate of rainfall excess. Th familiar ational , 


‘is arene on this theory. If C, the runoff coefficient, is considered equal to { = 


unity, the formula can be considered to represent rainfall excess. As the unit 


fe ag hydrograph r represents 1 in. of runoff from a , uniform rainfall, the rate of rain- 


os in which T. equals the time of concentration in hours. As 7’, for small areas _ 


is usually i in equals 7, The ont, A, is expressed i in acres, 


tle and the peak rate of if discharge, Q», for the unit hydrograph i is expressed by the 


1400 


Shan att The writer believes that t this tl theoret- 
jeal rate of discharge i is never reached 
‘ in the time 7’, for natural areas having 
appreciable channel and depression 
storage. However, such an 
- tion is conservative and must be used 
until future studies indicate how the al 


storage effect can be evaluated. 


To estimate the shape of rising 
= and falling limbs of thesynthetic unit 
hydrograph, contours: representing 
equal times of travel to the outlet 
Were drawn. From these contours a 
time-area graph was constructed, and 
the ordinates to the unit hydrograph 
—j were made proportional to this graph. 
Of course, the use of time contours 
weg time-area graphs is not new, but 
relation between those principles 
and that of the unit graph appears — 
to have been first demonstrated by 
Merrill Bernard,* M. Am. Soc. C. E., 
in Mines and later developed by others,* w 


spo ace Arnga: 548 AcRES 
Ben to conform more nearly to natural 


nit yi the falling limbs were arbitrarily flattened so that the time 
the peak to zero flow v was equal to T.. Typical unit 
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M Probate Storm and Flood. wile order to provide adequate relief 

- openings when the main river is at low s stage, a maximum probable storm and 

me flood were computed for each area. The maximum probable storm would be — 
of the summer cloudburst type. — ‘The rainfalls for such a ‘storm \ were determined Pr 
from an 1 envelope of maximum known rainfalls for northeastern United States, - 

_ which has been published previously.’ Using this curve a synthetic storm was 3 
constructed in the same manner as: the winter design storm. — The maximum 
- probable flood hydrograph was derived by deducting » an estimated infiltration — 
loss from the rainfalls and then applying the net depths to the unit hydrographs. oe 
Studies of storms on larger areas where How: records were available 
indicated that at an infiltration rate of 0. 3 in. per hy was conservative for summer — +3 


storms. This rate assumes that there has been antecedent rainfall, and much — eu 
rates would prevail ifthe rainfellondry ground. 
No claim is made that the hydrologic analyses presented herein represent 
in such studies, but rather that they represent a v workable ‘and 
reasonable solution to a difficult engineering problem. — Further refinements eae we. 
could not be justified from the standpoint o of the ‘reliability of the 


hydrographs for r the winter design flood and th e maximum 


flood, determined as described in the previous section, were routed through all ie 
areas of exsting and Most of the effective 


tructures such as pumping stations — 
t levees, | take full advantage of all Ape 
ton adn shiesigi i in the flood plain, which reduces the required capacity with- 
‘out violating the : design ¢ criterion. Of course, the area drained is greatest a at the 
evee, but the increase in the ohenen. of runoff i is usually offset by the inc ase 


«Tt was considered reasonable for the drainage works to have a capacity .; f 
mufficient to dispose of runoff from the 10-yr winter flood without ‘causing 


> damage i in the flood plain appreciably gr greater than if ‘one ‘could flow freely ri, 


ott Th order tod determine the incremental increase in damage that would result _ 


“from various ponding g elevations at the levee, stage-damage curves were plotted 
for each area affected. Data these curves were obtained from detailed 


usually does not a very material effect on the size of drainage 
The greater the flood-plain storage, the less the variations in inflow rates f. 


* Transactions, Am. Soo. C. E., Vol. 106 (1941), Fig. 21, p. 
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- channel or pressure conduit there is usually little or no storage above the 
entrance to modify the inflow hydrograph for the diverted area and to reduce _ 
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& 
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‘Order tO determine the justincation each local provecuion project asa i 
Because of the characteristics of the winter storms, already discussed in 


ae capacity rand storage e for a number of designs based on 10-yr ¥ winter rainfalls. 
ie Local conditions affect the flood routing and in turn affect the selected pumping — 
capacities, thus causing a rather wide dispersion of the plotted points. The — 
fa pumping capacities required in terms of inches per day give rather large values, 
& but it must be remembered that these capacities represent peak rates that are | 
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Sec per Square Mile 


ping Capaci 
fi Culvert Capacity, in Cu Ft 


¢ 

Storage, in Inches Depth Over Basin Storage, in Inches Depth Over Basin 

10. Berween Capacity a Fico. 6.—Rewation Between CaPactry 


Poumrine Station Dzsians Cutvert Desians 


relations between relief-culvert capacity and flood-plain storage for a 
.. number of designs are shown in Fig. 6. In this case the inflow is that from the — 
maximum probable flood. These relations are also winged affected by channel - 
and storage conditions in each individual basin. 
It may appear to some that the basis of ‘design drainage structures 
BS presented herein is rather conservative, but it should be for the following 
(a) Only a part. of the present flood- plain storage is within the right of 
_ ways of the projects and hence is subject to reduction by filling in for future 4 * 


. 


(6) Future. development may increase incremental damage’ resulting | from 
(ce) Future development may cause an increase in the volume and poneenten! aa 
hg Flood- control work on the Susquehanna River i in been 
conducted by tl the U.S. Engineer Office, at Baltimore, under the following 
district | engineers: : Col. E. J. Dent and Col. F. C. Boggs, Members, Am. Soc. 
C. E., and Col. W. A. Johnson and Lt.-Col. H. L. Robb. E. W. Digges, Assoc. __ 
M. As. Soc. C. E., is chief .of the flood-control division. Acknowledgment for 
ee to the studies described herein and for assistance in the prepare 
tion of this paper is made to Mr. Kirpich, to E. H. Bourquard, Jun. Am. Soe 
CE. , and to many other members of the Baltimore Engineer Office. © The 
expressed herein are those of the writer and do not 
of the U.S. Engineer Department. 
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MERRILL Am. Soc. C. E. —Although Mr. Williams has 


~ of considerable magnitude and importance, similar situations of lesser extent : 

are to be found in nearly all of the great metropolitan areas and in a ; 

and towns. paper is a contribution to the solution of “hese 
these whe: would treat 


consistently shorter concentration period, would insure the discharge of the | 
a lateral flow under positive head through automatic floodgates for all conditions — 


situation to be met is that of a flow which, ofa 


sheds as are approached, but are never xr sufficiently realized to | pre- 

- clude the necessity of resorting to other means of control discussed by the 
thor. In addition to the six methods mentioned by him, opportunity might 
casionally present itself to consider the use of a secondary levee provided 

with gates and pumps. Under reasonably favorable channel and surface slope ry 
conditions liberal gate dimensions to insure maximum duration of flow under : 
natural head, and minimum supplemental pumping, the effect w wo uld be to 
Be enhance the utilization of areas dedicated to temporary storage and to reduce ei 
- the depth and duration of flooding on developed, contiguous, low-lying a1 areas. e: Bs 
| subatitting depth created by the secondary levee for area covered by the un- 
confined basin. The sequence of operation would be: (1) Gravity flow through 
and lower gates, (2) lower gates closed with a the reversal of head, 
; oe pumping started, (4) upper gates. closed with reversal of head, (5) uppe 
pumping started, (6) upper pumping stopped, and (7) lower pumping stopped. 
The effect, on cost, of dividing the pumping installation into two unite, — ¥ 
additional cost of constructing the secondary levee, and the greater oper- 


a - ating cost, if any, would have to be weighed against the benefits of adde 


rat _ The author has capitalized reasonably on the fact that flooding in eastern 3 


Pennsylvania i is confined to a rather definite “flood season.” The 12-hr pre- 


cipitation record at Harrisburg, Pa., demonstrates the differences between 
annual rainfall and that within the e adopted flood season: athe 
All storma or All storms or maxi- 
10 
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The column headings indicate confirmation of the author’s opinion that 

e the selection of the maximum yearly or seasonal values, whe 


a ng within the record were considered, any differences being confined to frequencies 
cc oh of less than 2 years. Also, the differences i in the values of the second and third 

columns represent reduction in design values gained by restricting the 

- quency series to the flood season. This in effect is offsetting the higher in- _ 

Leo tensities of summer-type rainfall with the greater reductions for infiltration — 
prevailing during the off-flood season. The frequency of the greater unende, 
occasioned by the inclusion of all storms within the record is reduced by i in- 
creasing the value of min the frequency equation. | 
= The value of 1 in. | in 24 hr for the contribution © of melting snow to runoff — 
seems somewhat low. There is little secure knowledge of this phenomenon but, 
% eee watersheds sufficiently small to allow snow-melt runoff from the entire area 
within a melting period, greater amounts could be expected. The average 
= : 24 temperature for the locality that can oceur with snow cover and coincidental 
ay. 3 rainfall could be as high as 55° F for a 24-hr period. _ The general opinion is that 
ame from 0.05 to 0.15 in. of snow- ~melt runoff per : degree-day can be expected, de~ _ 
a . pending upon the state of the snow mantle. - Under these conditions runoff 


_ depth from 1.1 to 3.5 in. is possible. This does not include the contribution 0 a. 
frees water present in a mantle of snow of low quality. pail 

_L. K, Suermay," M. Am. Soc. C. E.—An interesting and logical analysis 
ae of the problem of local or interior drainage of leveed areas. in mountainous | SS 
--valleys i is presented in this paper. The author calls attention to the difference 
between conditions in the lower Mississippi River and the Susquehanna River _ 

_ valleys. Be that as it may, | the conditions on the upper Mississippi and the a k 
Ilinois rivers s differ ‘from those « on the Susquehanna River i in degree rather than 
in involved. Many of the levee districts are adjacent to steep 
ce a bluffs extendin toa height of from 200 to 600 a 14 The runoff ia the lateral = 
In 1 either location, the first principle of design i is the shitindisag’ in so far os : 
possible, of all of the hill water entering the leveed area. In the case of 

ag a lands to be used as agricultural drainage and levee districts, the upstream and 3 
downstream limits are generally confined to the distance between tw lateral 
g y e betwee 
aa streams. Major lateral streams, through a town or between two adjacent 
; .- drainage districts, must be carried direct to the river in a wide floodway and 
levees of ample height at their junction with the bluffs or hills. 
an levee districts were drowned out during the floods of the Illinois and Mississippi i} 


ee rivers in 1926-1927 due to overtopping of the lateral levees when revert was 


: % The opportunity for the occurrence of peak lateral flow with fairly high river 
Stages is not so great i in Pennsylvania. Nevertheless, the ould be prediented 
cost is so relatively small that the design of lateral levees should be 


premio have a longer, higher wie int than do the rivers in Pennsylvania. = 


ments “A degree | of protection is not 


from tributaries that pass leveed areas. 
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"SHERMAN ON N DRAINAGE or “LEVEED AREAS» 


‘The author states (see heading “Methods of Disposing of Local Drainage: ay 
Levees or Walls Along the Tributary “Some tributaries along the 


“before. finall; y into the river.” This is prin a common ‘phenomenon 
onthe Mississippi River: The flood profile of the lateral, at the upper end of the , 
chute, is generally at a higher elevation than the main river across the dividing | 
trip of land. In the case of the Fabius River, in Missouri, advantage of this of eS 
situation was taken to dig a pilot channel cutoff across the strip between the fine Ue 


stream channel, below the diversion, to a depth of 3 or 4 ft above ordinary low eek. 
water. A serious menace and expense in levee maintenance were overcome by 
__ Without resort to excessive factors of safety, the ‘author has presented a ie 
logical analysis of the rainfall-runoff problem small tributary streams. 
for the numerous levee failures heretofore mesitioned: 
a Fig. 4 may be a little puzzling to those who have become icaeatiiaaal to 
: : using only the percentage distribution graph. The two hydrographs shown are > 
unit hydrographs. Each one represents t ‘volume of 1 in. 
_ There appears to be little agreement on the pe of time of conce 


3 Fabius had enlarged the cutoff to full size and had completely filled up the old we 


rate of rainfall on a a basin until the runoff rate becomes a constant. pus $e lenis 
E> Pad On this basis the writer tested the 33-min hydrograph in Fig. 4. Six average % 
‘ordinates were 2 scaled from t the 10-min unit hydrograph. . The summation pro: 
a cess was applied to a series of 10-min net rains of 0.303 in. or a rate of 1.818 in. 
— hr. _ The average rate of runoff between 30 and 40 min was 940 cu ft per 


" This « curve heré developed by the writer is the “cumulative c 
by Russell and D. Hullinghorst.? 


_ The latter i is governed by stage or rate of discharge. For all practical purposes, 
the ‘author’s 8 derivation ¢ of fTe= 33° min checks with the writer’ s definition of 
The use of zero infiltration capacity is sound for most levee districts when i 
the river stands against the levee. Many Illinois and upper Mississippi dis- 
tricts, _ with sandy substrata, show an actual inflow seepage of 0.25 in. or ‘more — 
per day. _ These same districts in July and August will eye a large infiltration 


bg Bowne M. Turner and Allen J. Burdoin, Journal, Boston 
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CLARK ON DRAINAGE OF “LEVEED 


vee 


‘in n 24 hr i is required.” A part of this. difference i is probably | due to the 
bility of the interior ditches and low lying waste lands for storage, and a part 


is due to the fac fact that a material infiltration capacity e exists during the ‘season | 


is soundly analyned he the author. to the 
drainage problem by way of rainfall frequency, runoff, and the unit 
_ has several important advantages over empirical design. 5 First, it is well 
balanced, in . that it is neither grossly inadequate, as when inapplicable empirical 
relations are applied, nor wastefully over-adequate, as when provision is made ~ 

a es for ‘some 1 recent occurrence that is really phenomenal and very unlikely to 
‘recur. Second, the solution is ‘approached from the over-adequate : side, since 
ee forces a reduction of adopted size below the first calculation, with the 
result that, in the usually broad range of acceptable solutions, the more ade- 
- quate a are adopted. t Third, the extreme cost of some of the first-calculated 
Be solutions leads to an ingenuity of solution not inspired by the approach from 
the inadequate side. Fourth. utilizing rainfall frequency data, the engineer — 
usually comes to his answer wun the deliberate knowledge that the provided 4 


a< capacity may be overtaxed, but that the payment of the damage will be 7 


is a possibilities for utilization of rainfall records coincident with flood 4 
stages present a promising ‘opportunity for reduction of cost of pumping 
Installations . The writer, in 1937, made for the U. 8. Engineer Department 


. the first studies along this line for the cities of Louisville, Ky. » Evansville, a 


A 


. Ind., , and Cairo, Ill., along the Ohio Riv er, , where the procedure is unquestion- 
a P. ably sound. The procedure can be utilized for drainage along streams which a 
ate so small that crests are reached in as little as 36 hr. ah’ 
There are ‘many circumstances in which the. frequency of rainfalls that 
occurred coincidently with flood. stage in the main river can be used. 
oa z, Whereas rainfall during damaging flood stages may be too infrequent to study, © 
rainfall during moderate and low stages is common enough to indicate e the 
frequency with which it can be expected at high stages. 
pe. The writer believes that | most of the floodtime rainfall may be treated nal io" 
a phenomenon independent of the flood- producing ‘rainfall, and he found this _ 
we to be true in the following example. This depends, of course, upon the differ- 3 
-. ence in time between flood Peaks on the main 1 stream and on the tributary. 


8 “Cost of Pumping for Drainage,” by J. G. Technical Bulletin No. am. U. 8. Dept. of Agri- 


Engr., U. 8S. Engr. Office, Winchester, Va. 
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apacity for interior drainage q 

Fig. 5 indicates an astounding difference. The experience of yearshasshown 

ie | -—s that a pumping capacity of 0.27 in. in 24 hr is adequate for all districts except : ss 
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daa If the time ‘Afierenes i is more than 36 hr, indopenidence' of storm causes is 
essentially attained. _ Although general conditions are more favorable for 
rainfall | than the average, and rainfall therefore might be more probable 7 
average, the normal movement of storms in the Eastern United States is such é 
that, 2 days after a severe storm, a egion is quite likely to be in the high- ike = 
_~pressure | area, , and to be relatively fair, with a reduced probability of rainfall. : ae 
pt However, it is not n necessary to assume that the causes are strictly dependent — 
or or independent. The degree of dependency can be established. Thus, from | ‘ 
es a the correlation of rainfall and low-river stages, it can be established that i 
_ rainfall during flood stages is one, tw vo, or several times as probable as average. _ 


This conclusion ean be extended to higher stages. The heavy 


normal, the same rainfall could be expected in that aaa as in a ie 
period twice as long as that under consideration. # 
The duration of main-stream floods is very short (only a few days), 80 it. 

may take a good many years to build up a year of exposure to floodtime i 
‘tainfall. If pumping is necessary at the annual flood stage, and the average Ze 
duration of floods above annual stage is 2 days each, the exposure of an area” Beet bs 
to floodtime rainfall during 50 years is only 100 days. If rainfall is twice as peas 
likely to occur, or two times as probable as normal, the exposure is equivalent — 
to 200 days of normal exposure, and the rainfall to be expected is that which 


To establish the relative probability of rainfall during floodtime, it is only 
to establish a sufficiently limit of river to ‘include 

_ the floodtime period is computed for i same period of time as the ldaitente eh: 
period during which the river was above the critical stage, and is compared ig 
with the actual floodtime experience as plotted or computed in the “manne 

suggested by the author. If the computed and observed frequencies do not 
agree, they will be found to be approximately parallel to to each» other, when BG 


computed, it is safe to riya that the probability of rainfall during floodtime = 
twice the normal. Because of the larger number of hourly amounts recorded, 


that the rainfall and river stages be observed at place. 
- Since the river stage is used only to identify those periods i in which floods are eh ‘ 
likely as compared with the average, ii in the author’s example, recording rainfall tt 
records at Scranton and Harrisburg could be utilized with stage records at 
studied for on the James River will illustrate 
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of the peak at 4 time, local streams fallen to 
low levels, and they rise again only if additional rain falls. By the criterion 
ia of the writer, ina preceding paragraph, floodtime re rainfall should be independent q 
A study of the hourly and daily rainfall records of the Richmond Weather | a 


ck more, , and no less, probable than at any other period. In 34 years the . James a 
5, ee River is normally above a stage of 8.0 ft for 4,080 hrs, 170 days, or 0.46 year. 
 -* A stage « of 8. 0 ft was reported d during each of 198 days i in the period 1905-1939. a 


6c ad ven , t0 Normally, rainfall of 0.01 
3.—Normat In in. or more is reported 
Ricamonp, Va. 90. hh per yr, or 275 times 


Lenora or Penton, Dars Table 3 shows the nor- 
mum, | ______ mal rainfall experience of 
ainfall | | 2 | 5 | 10 | 20 | 50 | 100| 200 Richmond. The quantities 


1.0.03 | 0.07 | 0.14 | 0.23 listed define | the hourly 


| Trace | 0.10 | 0.38 | 0.72] 1.15 | 1.55|2.00 and daily rainfall frequency 
curves from 1 to 200 days. 


_ every 3 or 4 days, ‘it usually rains for onmeel hours when it does rain.) ovat  f 


— 1905-1939, inclusive, ‘upon 1 which a stage of 8.0 ft was reported, ‘a total of 4 
days. The precipitation for the entire day was included, regardless of 
ae _ whether the river remained above 8.0 i... This inclusion is partly offset by _ 


__ The records of hourly an and daily precipitation \ were compiled for all days, ‘ 


- the omission of records of days 1 when the river has exceeded the stage fora 
few hours without having been reported. ule 
Table 4(a) compares the normal experience of any 170 days at Richmond, 
a 4 selected at random, with the record of all days, 1905-1939, upon which the 
James River was reported above 8.0 ft. Table 4(b) shows a similar comparison 
. ae for the experience a above a a stage 0 of 20.0 ft, which i is an average of 11 days i1 
Tables 4(a) and 4(b) essential agreement between the floodtime 
experience and that of a normal period of equal length. If the number of — 
ie floodtime occurrences were 2.0 or 3.0 times the number of normal occurrences, — 
the conclusion yn would be that floodtime rainfall was 2.0 or 3.0 times as probable 
as normal. In this case, there i is no deviation, and the writer weapr 
rainfall at higher stages on a similar basis is warranted. 
In this connection, it is well t 
io Pa knowledge of the true duration of floods above given stages; but it is 5 adequate. 
to use a flood- -stage frequency curve with any assumed nu: mber of days’ 


curve be instead an as used by the writer, with 


— 
—— 
— 
— 
— 
—— 
&g 
j 
as 
— 
— 
a 
‘ 
a 
4 
81 
d 
— 
— 


‘HORNER om or LEVEED 


rafal during floodtime and and i in the normal al period for which a rainfall alt 


TABLE 4 OF FLOoDTIME AND NoRMAL RAINFALL, 

Ic 


portal 


Hourly Rainfall | Daily Rainfall | Hourly Rainfall | Daily Rainfall 


| Floodtimes Normal be | 
for 


.-: 5, SR 85 * During any part of a day on which a stage of 8.0 ft or higher was reported. te 


a The writer believes that the theory of this method of ‘analysis c can be 

~ extended “easily to runoff instead of rainfall. A pumping plant to be used 

above the 5-yr river stage, where average duration of floods is 2 days, en 


exposed to under it must operate for only 20 in 


a 


“class of engineering peoblems which appears to be occurring more and more i 
q frequently in engineering practice, a: and about which relatively little has been 
published. The title is somewhat too narrow, since the principles involved 
% seem to apply clearly to the drainage of any relatively narrow levee-protected — 
a = area where there is considerable late ral inflow from a tributary stream. For “¥ 
‘ezample, the writer has encountered exactly the same conditions in 
4 with the “industrial property” area along the Trinity River at Dallas, Tex. ae it be 
this point the lateral inflow was almost entirely from storm-sewered urban 
areas. He also has found such conditions in his work for the East Side Levee ao x ee 
4 and Sanitary District at East St. Louis, Ill., where the lateral inflow is from a “a 
% small streams of 1 to 20 sq miles flowing out of the higher-level Illinois bluff ee. 
a drainage areas. Possibly by a little stretch of the imagination, these bluff nie 
_ lands might be considered as mountains. In the first instance, the only pestitile eS ies 
ee solution was through the use of pressure conduits; and in the second, cutoff to 
channels, detention storage, and pumping are involved. 


& 
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ON DRAINAGE OF LEVEED | AREAS 


~ " Neon ‘The procedure suggested | by Mr. Williams is interesting, and in part n 
= ® It appears to justify some comments and a number of questions which fant 


writer hopes that the author may be able to answer in his closing discussion. 
_ The two conditions referred to as (a) and (6) under “Local Drainage Require- 
to all such problems. In the experience of the 
_ writer, item (b) is always the critical one and must be ¢ considered first, and 
Under the head of “Local Hydrology” Mr. Williams | the require- 
iz for the consideration of complete hydrographs. This usually has not — 


. a \4 been undertaken in local problems of this kind, but it is fundamental to any 


reasonable solution. The on one exception to this requirement is that of pressure 


ay conduits draining completely sewered urban areas where no storage is provided q 
and th the conduit capacity must be equivalent to the peak rate of flow from the 
ae ‘storm sewers. For this : situation, it is necessary to study the coincident eS 
probability of discharges of various frequencies with concordant stages inthe 
oe ra In the case of the Dallas project (1931), a preliminary report had indicated 4 ; 
Tra pressure conduits of a capacity to carry the peak rate from the determined rain- g 
En fall frequency of the urban storm system, in this instance a 5-yr frequency; Ba 
TABLE 5.—Resutrs or Levers AND FLoopway CLEARANCE. ON Src 


of same excess with 69,000 000 | 15,000 12,500 


the preliminary design of the pressure conduits provided this capacity 


7 Py “against the maximum recorded river stage in the Trinity River. This situation 4 
: was quite critical to the economics of design, as the lower-lying portions of the __ 
areas served by the s the storm | sewers were but little above the maximum recorded 


This case was complicated by the then recent completion of reservoirs above 
Dallas, and by the changed régime involved in the construction of the levees 
and cleared d floodway, and required | a complex analysis of the effect of these * 
structures” on durations. ‘The result of these studies is summarized in 
required hydraulic grade to serve critical improvements in the Vicinity 
of the head of the pressure conduit was at stage 54. The design | stage at 


i - outlet was fixed at 35, giving a drop of 19 ft in the 4,700 ft of pressure conduit. 
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related | to the same storm. ‘which the river rises, these precipitation 4 
E periods never occurred at the passing of the peak of the flood, and were generally 
related to flood stages well down on the rising side of the hydrograph. f. It was 
found that, within the duration of stages i in excess of 41 (or 35 with i improve- , E ; 
4 ments), precipitation had occurred on only 1 day and in an amount of a 
Mr. Williams’ experiences with basic data deficiencies ‘closely parallel those 
* the writer, except that the writer generally has found more adequate yesurd- oe 


“installation of ivedik“ gaging stations on small areas, such as that i in Mr. “hs 
- Williams’ project, seems to the writer to be a fundamental requirement for this i i 
pe of work, the value | of which has not been fully appreciated heretofore. Se 
; Hydrologists are too prone to think that stream-flow reoords are of no value 


a The author’s division of both rainfall and flood samt into two. major 
8 seasons would seem to be adequate for the Susquehanna River. - The writer — 
a similar division in the Dallas studies, determining rainfall depth- 
rx frequency relations for each of two 6-month periods; but because of climatic 
differences, the periods } were ni not the same as those used by Mr. Williams. 
A study ‘of rainfall frequency | records for the winter seasons and the use of the 
_ results as indexes appear to be valid procedures for the project described. Itis 
: te to be e noted that th the author does not propose a similar procedure for t the summer ag 
‘season, and the writer agrees that the indexes for that season would not 


significant. 
The use of point rainfall data for the complete | drainage satis- 


- factory for the winter season, but the writer would not utilize it for summer — ' 
storms where the area is appreciably in excess of 1 sq mile. 
Under the head of‘ ; ‘Local Design Storm for 


swer to this re requirement. The be best. and ‘most valid answer ir i 

‘. volves not the choice of some severe e storm, but the actual analysis of runoff 
for a large number of ‘“‘severe” storms throughout the period of record, and i: 

‘subjection of the results of a flood-frequency analysis. Something | on this 

a - order was utilized in the writer’s recent study of floo flow on the Trinity f 
x River for the U. 8S. Department of Agriculture. It involves a great amount of fe 
~ work, how ever—an amount that would | be in excess of what normally would 

oe be undertaken for ‘projects such as those. described by the author, which in- ws 
S volve a considerable number of small streams. The second method suggested, 


and the one ) which th the author utilized i in setting mm a } synthetic storm pattern | 


% ___ For this situation, an additional check also was made on the actual occurrence se _ 
— 
— 
— | 
4 
— 
| 
& 
i = two or three major rises of the hydrograph for a small watershed makes ae 
necessary reams of calculations in the field of synthetic hydrograph preparation, 
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id eves rainfalls of equal frequency, would seem to be definitely and probably 

considerably on the conservative side. The } writer would hesitate to » adopt it 

without further tests of the ‘results. unquestionably provides: synthetic. 
she storm patterns of a much rarer and infrequent type than the chosen design ; 

ine frequency. A third method that sometimes has been utilized involves the 

setting up of a pattern for the design frequency precipitation in accordance 


4 with average occurrence. This involves a considerable analysis. to determine Wg 
average storm patterns, but extensive work in this field already has been done. : < 
a The method was utilized by the Department of Agriculture | in the Little 
Tallahatchie flood-control studies in Mississippi, and there are also available 
independent studies reported by D. I. Blumenstock.'* The St. Louis regional 
rainfall records have been 1 subjected to such ‘studies under the supervision of 
writer. _Tmportant "conclusions which may be drawn these studies 


7 (1) Such a will never contain short-period intensities great 
as the short-period intensities of equal frequency; and == 
(2) High rates will not at the midpoint i in storms, but more 


oe effect of these differences is 


bs. 4 winter storms, possibly due to the fact that so little data have as yet been ag | 


‘published for these conditions. The writer is inclined, however, to question 
the propriety of using the runoff as 100% of the precipitation, plus snow melt, | 
in the design storm. It would seem that, except under very rare conditions, 
Bisse +a some infiltration and interception losses must be inevitable. The use of such — = 
ay ae a value in the maximum storm might be justified if the maximum storm were & 
to occur in winter. The application of an infiltration * ‘rate” of 0.3 in. per hr 


for summer storms, presumably of the short thunderstorm m type, would seem 


proper rate cannot be determined fiom sows’ on larger areas unless 
larger areas can be found that have approximately the same coverage of soil 
The only reasonable approach to the determination of a 
ere? proper infiltration rate would be on the basis of studies of the identical soil 
and cover involved i in the ‘particular drainage basin. Otherwise, considerable 
error in ¢ either direction may be involved. 
Bein _ The writer is interested i in the approach to the development of a synthetic — 
hydrograph. In the Trinity River it investigation, , the writer, ‘in collabora-— 
with Waldo E. Smith, M. Am. Soe. C. E., analyzed : a number of 
for values of Q, ‘or mass surface runoff in excess-of 0.7 in., and for Q,, the pea 
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hes p per hour; also, fro! 
which q is in ‘cubic | feet ‘per square mile and S is hour-second-feet per s 


008 their relationship could be made a function of the basin area in square 


20 sq Lin. of runoff, 


borsand base of the hyd 


= 


and the lag time in hours f from of of excess rainfall ‘to center 


for basins of various areas i ‘To these graphs exces 
_ time increments varying from 1 hr for basins of 23 sq miles or so to 6 hr for ‘ 


.: -ealled rational formula. He would like to call attention to 
in the ‘tational formula involves both losses and factors 


like flood routing already has and the hydrograph would include 
 channel-storage effects above. whatever point it was applied. ‘The writer 
a _ in agreement with the statement made immediately below Eq. 4 of the paper, | 
would go further and state that, in most ‘such. an assumption 
is not only conservative but conservative. n general, the writer 
ee is of the opinion that much better synthetic hydrographs can be developed 
from a study of even two or three actual hydrographs than through aay” 
approach involving time of concentration and equal time contours. In this. 
as connection he would call attention ag ain to the importance of doing what was Py 
i, done under the described projects—namely, the installation of stream sau 


streams. ‘the flood plain. 
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From these relationships it was possible to construct distribution graphs 

& 

ii. 

tremely helpful in working out the hydrograph form. 
an ee The use of the “time of concentration” as discussed by the author has not + — 

il at the ay 

4 

— 


WILSON, ON DRAINAGE ‘OF LEVEED AREAS — 
Waurer T. Assoc. M. Am. Soc. C. E.—The writer likes Mr. 
Williams’ analytical approach, that ‘is, studying floods by examining their 
Be es The logic and merit of studying floods by relating stream flow tothe — ae t 
7S & _ antecedent and causative rainfall cannot be denied. Without wishing to de- ha d 
a _ tract from a Mr. Williams’ excellent paper, the writer, feels that the study of aN h 
successive causes and effects leading to floods should be carried at least one a 
step nearer the first cause. The Hydrometeorological f Section of the W eather 3 
expression ‘maximum probable” ‘flood seems ‘unsatisfactory because q 
a oe ek the term “maximum” implies an upper limit, whereas the term “probable” § ° 
involves a wide range of meaning and begs a specific definition. flood or a 
eS, storm must have a finite physical upper limit. _ The writer, with an increasing ei I 


ar number of hydrologists and meteorologists, perfectly willing to ‘ ‘stick his 


a ‘neck cout,” this thing of which all are ‘hinkine—the 
8 
of its ‘causes. These include the available qu ‘quantity y of moisture in the | air, 8 
SS Boy the rate at which moisture laden air flows into the flood | area, and the rate at Be t 
3 which the moisture can be condensed and precipitated. These factors have 
finite limits, which involve an admittedly difficult but not hopelessly impossible 0 
By way of adverse criticism, the writer feels that the subject of snow is 
_ passed by with an inadequacy both in its treatment and melting rate. Mr. B'S 
Williams? estimated design rate of an inch of snow melt per ‘day has an obscure 


a basis and seems too low. — _ This is in contrast not only to reasonable degree-day 
os factors but also in contrast to actual records. Reference is made to the 1936 — 
flood i in New England. The total runoff for the second storm period (March 1 16 = 
to 19) from the basin of the East Branch o of the Pemigewasset River, : above . 
| N. H. (104 sq miles), has been estimated at 12 in. to 15 in. iF The 
ature of the: topography and lack of good precipitation data require e estima- 4 
tion of the precipitation during this period, which by preparation of isohyetal - ; 
“maps and careful consideration of meteorological factors indicates a value of 

ae fin. to 5-in. average depth. The difference between the 12 in. to 15 in. of 


ei ‘ renofl and the 4 in. to 5 in. of rain probably includes some ground-water con- [ff . 

ov tribution, but leaves about 8 in. of snow. T The writer believes that at least 44 ee. ; 
in. of snow melted and ran off in less than one day. By assuming a reasonable 
velocity of concentration and a reasonable ratio of stream length to basin area, 

Eq. 4 “boils down” to a Myer’s rating of about 30% to 50%. 

i 


Under the heading ‘‘Local Drainage Requirements,” the states that 
food protection frc from small tributaries i is rarely justified. The writer realizes 
ay ay the danger of separating one sentence from the remainder of the text, and may 4 
understand the e meaning in this | case. However, M Mr. Williams has exposed 
hit to criticism by proponents of upstream engineering and flood control 
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B. LANGBEIN,"* Assoc. 


the application | of a large range of hydrologic principles. The of 


drainage structures or leveed areas finds it : necessary not only to familiarize : 
himself with, but also to evaluate, rainfall and snow-melt characteristics, the 


absorptive qualities: of the ground and the laws of open-channel flow, besides — as 


hydraulic and mechanical properties of the drainage structures 
| ‘There i is special need, therefore, for methods of solving the many hydrologic 
questions | that arise in the design of hydraulic s structures and are common to. 

° most food and even drought probleme. a Methods of treatment in one ee them 


which reaches its tenth anniversary this year ( 1942). there i is 
noted in Mr. Williams’ ’ treatment co-mingling of the so-called ‘rational method 
of earlier a a synthetic unit-graph method. the risk o 


5 Fig. 7 shows ‘unit hydrographs based on a dime 
ionless S-hydrograph previously derived by the writer..* The scale is ex-— 
_ Presved i ane terms of the lag between center of mass of effective rainfall and flood 


cient as derived from recession limbs flood Iti is computed by 
= either comparing times of center of mass of effective rainfall and center of “4 
4 mass of direct runoff, | or by analysis of the recession curve. The lag thus — 


defined and computed is | descriptive of the storage and concentration char- 
F cs of a basin and may be correlated with basin topographic character- 
istics 1 in ways dependent on local conditions. _ Generalizations cannot be given 


Z in some regions, good correlations can be ‘obtained simply with length ofa 
vist Associate Hydr. Engr., U. 8. Geological Survey, Washington, D.C. 
Ye “Channel Storage and Unit Hydrograph Studies,” by W. B. Langbein, Transactions, Am. 
ae “The Unit Hydrograph and Flood Routing,” by G. ‘IT. McCarthy, unpublished ms. presented AN 
Conference of North Atlantic Div., Corps of Engrs., U. 8. Army, June 24, 1938. 
| “Channel Storage and Unit Hydrograph Studies, 
7 physical Union, 1940, p. 62 = 


> INAGEOFLEVEED AREAS 
im. Soc. C. E.—Any treatment of the 
— 
» 
J i most interested in Mr. Williams’ construction of flooc ~ ee 
The writer was elective rainfall end 
snow melt. This feature of the rainfall-runoff relation has been a 
; and with increasing experience, fairly satisfactory 
_ subject for some years; and w 
— 
at 
ve 
i he so-called rational pro- — 
fy substitutes some of the newer unit Erapa on = 
16 ¥ — 
‘he a other corollary meanings: (1) It is equal to the quotient 
4 ing i in di rge; thus 
storage in the basin and the corresponding increment in discharge; thus 
element, is equivalent o the lfrom the 
time of wave travel from 
___cient (2) it is equal to a weighted mean 
of 
ble 
— 
nat — 
3 a 
— 
sed 
trol 
_ 


 LANGBEIN ON DRAIN 


yder,” 
Jun. Am. Soc. C. E., has published data applicable to Pennsylvania, and G. T. ‘7 


McCarthy,” Assoc. M. Am. Soc. C. E., has derived a method applicable to the _ 


cation to ungaged areas within a limited region can be approximated. The 
procedure then is as follows: Suppose a basin of 3 sq miles has a lag of 1.67 hr 


; 


ous (Time and Value of Crest Discharge 4 ae Sad 
for Indicated Storm 
Durations, in Terms of Lag) 


ae of the rainfall plus snow melt in specified periods of time are given in Col. 3 of | 
Table 6. Col. 2 of this table contains the time scale expressed non-dimen- 
sionally in terms of the basin lag (100 min in this example). The peak of unit — 
_ graphs of various durations of inflow (in terms of lag) is given by the envelope 
= of | Fig. 7. The corresponding values are entered in Col. 4, Table 6. It 
__will be noted that for lengthening storm durations the volume of supply in- 
c ai 4 creases, whereas the peak of a unit hydrograph decreases. What is the critical i 
ye duration of the given storm-rainfall-characteristics of this basin? The answer 


= 


‘ 


Vith such co 
ch fy co 
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@Cubic feet per second per square mile. 


area in unit hydrograph for the critical can then be 

_ The writer proposes the lag ; time a as a measure of the time-discharge char- 

acteristics of drainage basins in lieu of the so-called time of concentration, 


y not be, defined accurately. For example, the usual definition is the “time 7 ; 
| required for rainfall excess to flow from the most remote part of the basin re 
ng the gag gaging station.” Mr. Williams adapts another to his problem—the time 
ey required for runoff to equal the rate of rainfall excess. Still another is. the -time — 
c3 between beginning of the flood rise and its peak. It has never been demon- — 2 
8 strated that these are equivalent. fi Incidentally, C. E. Ramser, M. Am. Soc. 
Es C. E., used the latter meaning in determining time of concentration which Mr. 
used in his article, to which Mr. Williams referred.’ In | discussing 
r. Kirpich’s article, the writer stated that the presented v was 
Pasocer ct to a velocity of 4 ft per sec and the inclusion of the slope factor was 
_ hot well supported by the available e' evidence. The lag time, however, | can et ce 
puted in more than one way, each of. which is theoretically e ‘equivalent 


; torage effect and no 
need be made as to the critical leneth of the storm. It is for 


te Col, 6: whilst the product of Cols. 
2 is found in Col. 6, 
ot 
— 
— 
|. £4 
| 
4 — 
— 
— 
— 
nit 
iia 
al 


use instead the “rational” formula | Q= data are given 


= by Mr. Williams to compare the results obtained by the two ) methods, erneph ¢ 
Fox Hollow Run, according to Fig. 4, has a lag (center of of supply to 
center of mass of hydrograph) of 20min. abbot, 
In dimensionless terms the peaks of the hydrographs shown are as follows: 


1) “Ten- minute rainfall period” = 0.50 lag; “GEE ileat x 0. 1.33 br (= lag) 


500 units). e ourve in n Fig. for inflow period of 0.5 


Sa = 1.07 tng; 


miles? 


= 388. 388. The envelope curve in Fig. for inflow period of 


Gorpon R. Assoc. M. Am. Soc. Cc. E.—The volume of dies 

es cussion pertaining to this paper was gratifying to the writer, particularly since «(6S 

of the subject was not one to arouse interest during wartime. Many 

were stressed, and could be devoted to ‘developing 

to problems, both ‘urban an and rural, | in many parts the 1 

discussing the methods of disposing of local drainage;’ Mr. ‘Beard: 4 

proposed an additional method, or rather a combination of methods, in whicha 

secondary levee and pumping station would be provided upstream from the 

main river levee and pumping station. Such a method might be worthy of t 

I a a consideration under special conditions, but the use of two sets of pumping ae! id 

2 ee and gates rarely would be justified from an economic standpoint. & ae 2 

1ate levee’ heights under method (1) to. 

ataidiadhaiad by Mr. Sherman with an example. The writer has utilized the’ 8 -g 

method for developing adequate height for tributary levees: 

(a) From known records of discharges, develop a relation between coincident 

flood dischurges on the main river and on the tributary; 

Compute flow lines up the tributary, using a range of soincident 

e 


=" The envelop « curve plus a a normal freeboard for wave action will constitute th = 
_ levee profile. — The height of the downstream end will be governed by a o 


™ Hydr. v. 8. Dept., Wilkes-Barre, 


7: 


— 

4 
| 
— 
f 
— | 
— 
<i 
— 
or 

. — tream end usually will be governed by the magnitude of the design discharge __ 

ig bk exception to the state- 


ment that “A corresponding degree of protection is not required diets 
from tributaries that pass through leveed areas.’’ This statement was in- 
tended to apply particularly to. the capacity of structures such as pressure ~ 
> eeaibelie and pumping stations. The writer : agrees with Mr. Sherman that 
in the application of method (1) the statement should not be taken too literally 
. and that adequate upstream height is well worth the relatively small addi- 
cost. On other types of drainage s structures, it is ‘obviously 1 not sound 


E Mr. Sherman commented on the high pumping capacities i in 1 inches 8 per ap 

shown in Fig. | 5, a8 compared with pumping “capacities found | necessary for 

_ leveed areas on the Illinois and upper Mississippi rivers. The latter areas are a 

oar flat, provide much more storage per square mile of tributary area, 2 >d have Bs 
resulting delayed runoff. The pumping stations along the Susquehanna River — 
must dispose of a hydrograph resulting from quick runoff from mountain slopes. i 

: Records of flood runoff coincident with high stages in the Susquehanna River = an i; 

already: have been obtained on one area of 18 sq miles snd indicate that a 

f is 2 pumping capacity of 0.8 in. per day in connection with more than 2.0 in. 3 

x of flood-plain storage will be required to meet conditions which have already | 


been experienced and which were not a eapacity is in close 

Ps ae Several of the discussers questioned the assumed rate of snow melt of lin. : oe 
a in 24 hr in connection with the design storm. Messrs. Bernard and Wilson 
considered the rate too low, whereas: Mr. Horner considered that the use of — 
— 100% runoff plus. snow melt is too conservative. — The writer admits that there oa 
e _ were few data upon which to base the assumption, but is interested to note the — 


wide divergence of opinion: recognized | specialists i in hydrology. The 


d 
fluence on the 1- day a nd 


: iB 5 Mr Wilson took exception to the statement that “Flood protection from 


| 


posed 


: ae storage dams, when the benefits are to accrue only to the oo 
on themselves. _ The burden of proof of the efficacy as well as the justification of we % 
other methods, such as terraces, check dams, and crop control, is squarely up 
to the proponents of such m The determination of the annual charges 
‘ for such work will not be difficult, but the computation of the reduction in oe a 
will test the ingenuity of agricultural engineers and agronomists. 
|The use of the rational formula (Eq. 2) to ‘determine the pak ot of the 


| 
| 
— 
‘ 
— 
4 
4 
e 
— 
— 
— 
himself to criticism by proponents of upstream engineering and flood 
___“tontrol in source regions’ making the statement the writer has raforance 
— 
.— 
— 
‘ ; — 
he 
— 
— 
E- Bs angbein and Mr. Sherman were of the opinion that the writer was attempting ~ | ca 
= : to establish a new definition for time of concentration, but he 


"WILLIAMS ON DRAINAGE or ‘AREAS 
‘The confusion seems to result the fact that the was 


accordance with the rational if a rainfall falls on catunated 4 
vr ad soil and continues to fall until all parts of the area are contributing, the the- 


ve Sa rate of runoff will equal the assumed uniform rainfall rate and will 4 


oa stream-flow records, the writer has introduced, in part at least, some of the 


a - delay factors. _ Some of the conservatism derived from the use of the rational — 
theory is nullified in the app plication of the final flood: -hydrographs, which are 
greatly modified by routing through existing storage and constrictions. It is 4 


agreed that the method of deriving the unit hydrograph is conservative, and 4 


Messrs. Horner and Langbein presented methods of synthetic unit 


hydrographs by correlation of lag time with the characteristics of recorded — ; 


ike _ hydrographs. T The writer believes that the principles involved are perhaps 4 
4 eS. e superior to those presented ir in his } paper, but are difficult to apply for the follow- 4 


dificult, if not to for a — variety of drainage : area char- 


The to very small areas of ‘relations ob- 


4 tained from hydrographs for relatively large areas will lead to erroneous results na 

ae. od Mr. Clark ‘considered, in detail, studies. for determining rainfalls expected — 


4 is the ideal solution for ‘drainage areas tributary to large rivers or or at any locality — 
so “* where there are sufficient records. The results of a a study of this kind have been 


ak, with different river stages were considered in Mr. Horner’ 's discussion, where 


= he outlined the problem of the design of a pressure culvert at Dallas, Tex. 
and he prefers the term ‘ ‘maximum possible” flood. writer agrees that his 


he attempted to determine was an extraordinary flood which by nature could 


x * not be defined within close limits. If the ‘“maximum possible” flood could be 4 


determined, it would have no o application to the under 4 


even the “ maximum probable” flood i in determining the capacity of relief 
cs oe openings is questionable, except where great damage will result from back- 


water. As stated in the of method (2), it will be found in many 


delay factors. using a ine of concentration 


- gc occur coincident with different river stages. — The writer agrees that this 


presented by Frank A. Marston,?* M. Am. Soc. C. E. Rainfalls coincident — - 


expression “maximum probable” is questioned by Mr. Wilson, 


expression involves two. words which | are somewhat contradictory, but what 
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TIMBER FRICTION PILE FOUNDATIONS. 
FRANK M. M. AM. Soc. C. 
Discussion By Messrs, E. H. Connor, Guenn B. Woopnurr, 


Few, G. G. G..8. Paxson, RaymMonp D. Mnoun, Jon W. 


BoLomon, A. AND, FRAWE M. Masrans, . ai ‘ta 


The theory of timber frietion ‘pile behavior in this paper was 


developed i in connection with pile tests on the Morganza Floodway i in Louisiana. f 
It may afford a means of determining, with reasonable accuracy, the safe loads: 
to impose on groups of piles in any arrangement, and of any length, from data — 


_ secured by the loading to failure of one or more individual friction piles at 
Many large areas of land in the United States on which structures i imposing 


heavy foundation loads are constructed are formed of silty and clayey ‘materials, ae 


_ frequently at such great depths be below the surface of these deposits that 
it is not economically possible to construct foundations that bear directly on eae 
3 the firm a, or that are supported on point bearing piles driven into these RS ‘Sees s 


_ firm materials. _ Moreover, timber piles, which are relatively i inexpensive Sea 
of remarkable: durability embedded entirely below the ground water, are 


becoming i increasingly scarce in the longer lengths required to reach such firm | 3 


bearing strata. Consequently, many existing structures are supported on piles ~ iA 
embedded in the overlying silt and clay materials. — It i is becoming more and 


more important, therefore, ‘to find s some reasonably accurate method of de- 
Beni the safe carrying capacity of single piles and groups of piles that do — 
tees 
upon the adhesion of the or silt to the em 


__ Such piles, popularly called “friction” piles, are the abides of analysis in 
z ‘this paper. The adhesion that supports them transmits their load to ) the: soil 


1, Noms, .—Published in November, 1941, Proceedings. 
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PILE FOUNDATIONS 


a _ by vertical shearing stresses, which are greatest in the soil at the periphery of | 
+ up of a “friction” ’ pile delivers pr practically n no load in bearing, so that 


i: The last may increase somewhat from the surface downward due to the addi. 

eas ey, tional internal friction generated in the soil on account of horizontal earth - 

an pressures from the weight of the overlying materials. However, due to the fact 

ore ath that the butt diameter of timber piles is larger than the tip diameter, the load 

Ss delivered to the soil per unit of length of a timber pile will usually be greatest 

Load tests have shown that pa formulas, i in which the weight of 
% ewe ram and the blows per foot of penetration are used to determine the carrying 
capacity of the pile, do not apply to friction piles, probably because the charac- 

- teristics of clay or silt during driving are different from what they a are when the _ 

pile is at rest in the clay or silt. Static load tests which simply measure the = 


load that creates a secdetunined: amount of settlement within a fixed amount 


‘ ‘of time, also do not properly measure the ultimate carrying capacity of friction 


ie piles, which is measured rather by the shearing value of the soils in which the 


sie: are embedded than by the compressibility of the underlying materials, | if . 


ay aiid pile and that the arrangement and spacing, center to center, of the : 
— in a group affect the Ic load capacity of the piles. Because of the lack of 


tests to failure of group arrangements 3 of friction piles, ‘compared with individual | & 
_ friction piles driven in the same character of soil, there has been little or no | 
comparable information available concerning the supporting capacity of single 
‘a piles and piles in group arrangements with v: varying spacing, from which a theory 

might be the economic design of friction footings. 


As: a part o of the River flood-control program, the U.S. 


Be siadiuth Floodway in Louisiana. In order to determine the most economical . 
a design of these structures, which are being erected by the railway lines, the 


Engineer Corps arranged with the railway companies to make tests of various — | 


_ ‘types of piles on which to support the proposed trestles. The results of these ; 
ce tests have been made available by the Corps of agincers { for use in this paper. 


Sees The locations of these tests, along the lines of the proposed railway structures, — 


with: relation to borings and subsurface investigations, are shown in Fig. 1. 
it excludes those tests carried to point bearing and shows only the tests of | | 
timber r and concrete friction piles that were loaded to failure. The soil oe 
ti “sand line” in Fig. 1 is of approximately. uniform quality along the Flood- ¢ 
way, consisting of successive strata of loam, silt and clay, and mixtures of those 

materials, At the Port. Allen (La.) Branch Crossing (not shown in Fig. 1), — 
pill C22, Station 2348 + 70, has 77.5 ft of penetration, with its tip just reachi Y ae, 
% the sand line. _ The driving records show that until a pile had reached the san 


came up the blows per foot only gradually 
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The ove sic driving records, and failure loads of the friction piles s tested — ‘ 
oe a failure, both timber and concrete, are given in Table 1. ~ Actually, many — 
¥ 


in kips | mer safe | ta- | con- 
per pile | No.* tact Skin 
t 
te! 


¥ 


ped 
1.510| 70 
0.049| 


SS 


om 


Port Aus Brancu 


52.7 OR | 28 |452 | 208 238 


— 


|804n. HOC] .. 
C2 30-in. HOC 


T34 CYP 
737-52) UYP 


PON 


*C = “concrete”; T = “timber”; T37-52, etc., = timber piles T37 to T52; that is, a 16-pile group. 

= YP = =soen oF pine; U = untreated; CYP = creosoted yellow pine; HOC = hollow octagonal concrete 

ie and SOC = solid octagonal concrete pile. * Average for the group. 4 In thousands of pounds per 

Vulcan type of hammer; OR = manufacturer’s number. / Blows per foot with pile half driven. 

~ Pee Safe load, in tons per pile, by * ‘Engineering News’ formula. 4 Average permanent settlement, after — 
in feet. ‘In tons per pile. 4 In pounds per square foot of contactarea. a 


tests, not sme herein, were carried to a load just sufficient to meet the 


requirements of standard specifications f for t timber pile tests—that i is, toa load 
a that would not produce a settlement of more than 3 2 in. in a period of forty-eight — 
hours. However, some of the early group arrangements when so loaded 
a settled beyond these ‘specification requirements, a1 and in in so fi failing clearly indi- 
Eas e the same ‘supporting capacity as indi 
age vidual piles. Accordingly, the Corps of Engineers, when requested, agreed to 
oape’ nik to failure one e additional in individual pile, and two 9- pile wre, all of bye 


tick 


borings an piles were driven 
and the borin the test piles 
j 
— —_ fF 
— 
17| YPand- | 2 | 20 | 10 
* ‘9 | UYP  1|16.91/10. 14 85.0 | 295 032 | 55.33 
Sore 
q 
Lg 


"RICTION PILE F 
— 16-pile group 80 as to obtain information that w would show the carrying capacity 
of single piles of different lengths s as well as groups of piles in different arrange- 
ments and spacings. = behavior of these was similar; each 
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4 
© Except pile T18 (Table 2(6)), wick is T. & P. Crossing. Several intermediate readings where thi 
_ were no time-settlement changes have been omitted for brevi + This pile settled under 70 tons u 
the bracing system rested on the ground. Failure. Pile did not plunge but bags, 
_ continued to settle under the 100-ton load, at least partial failure occurred. pile 
Rapid settlement. ¢ Further settlement was prevented by the under the loadi: bloc 


5 — 
— 

tea iim 

many _ 
ATA, Total] Settle. | Total] Settle | Total] | Settle 

load, | Time | ment, load,| Time | ment, | load,| Time | ment, | 
| in in | (hr:min) in in | (hr:min) in in | (hr:min)} in 

i 

— 
| 36.5 | {22:00 | 0 
—— +f 0. 24:00 | 0 mia 
0.015 | 40 | 4 15 | | 41-5 | }98:00 | 0 
688 4} {28:00 | 0 & 
—— 

| 51.5 | 434:00 | 0.0306 — 

| [86:00 | 0.038 

| 56.5 {38:00 | 0.040 

00 | 61.5 | 0.030 8 

00 | | \44:00] 0.030 

le group. | $3 FrLloxe 

| 1113:00 fas | 0 

»aload (43:55 | 0.063 — 

y-eight | 126:00 (53:35 | 0.0680 
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failed by leaning toward a corner or a side generally having the smallest di 
ameter piles, and in failing carried down the earth surface with it in a dished ' 


depression extending outside the group and a value near the 


2 3 
eo 


T21-T29; T4-T5; ‘| @ Pues T14-T17; Puxs T20-T27; 
Nive, 60-Fr Pr Two, 50-Fr Pires | Four, 50- 50-Fr Erout, 50-Fr Pues 


er a Total Load of 775, Tons Bein 


Ton Load; (b) 9-Pile Group at Station 1656 + 23.5 ( 
= 
& 


3828 


nder 


tation 1 


Oo 


a 


lin 


0 
0 
0. 
0. 
0 
0. 
0 
0 
0 
0. 
0. 
0. 
0. 
0. 


s 
to 


N.O.T. & M., After Fai 
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Tons; (c) 16-Pile Group at 


(6) T2-T9; 
(continued) 


(0+) Pmes T2-T9 | 
(continued) 20. 


T2-T9: 


Noo 


0 = 
45 
:00 
:00 
:00 
:00 
:00 
:00 
:30 
:30 


(a) Pile T1, 
- Total Load of 498 


T2- 19; Erour, 
80.5-Fr Pur 


Tests To Fa 


gem T11-T19, plotted i in in Figa.: 2 3, are not ‘included i in Table3. 
days, no apprecisble increase in settlement was observed. *The group was leaning, 
5 settling 0.082 ft toward a corner having the piles with the smallest diameters. ¢ Load was now removed s- ae 
because of the steepness of the settlement curve. _ ©Group failed vf — and eaking pil 1 Af me 
unlosding, the group had an average permanent settlement of 0.042 ft. 5 


Fre. 


= & 
_ — 
— | 
- | load | Tir Settle- | | Ti 7 iia 
ime, tle- | load | Time, | Settle-| load | Time, | Settle = 
7010 
0 | 0.0175 
0 
30 | 0.0205 
8:30 | 0.021 
0205 | 2 10.024 | 4, | 0.035 |375 | 161:30/0038 
0.0219} 55 | 434 |0.024 | | 0.0355} |64:30 0.041 
0.0219} | |36 |0.026 003 | | 
7 |0.008 | {53 | 0.025 
17 | 0.010 | 30.3 gO 
5.3 24 +0014 | |0.038 | 27-2 | {37 
fol} 30 0.015 | = 175 | 0.039 | 39.75] 94 | 0.047 
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in Hows Time, in Days, Total fi Total 
{ 
Marks 
~ 


16 20 


T40 1-39 1-37 


T44 143 T41 


Under 50.5 Tons per Pile 


Group Was Leaning Toward T37 - T4 
Reached 0.268! Settlement at 25§ 


= 148 147 
GROUP PUAN — 
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“Tons per Pile 


Time, in Da 


per Pile 


Failure at 56.3 Tons 


T19 T17 Ti2 Failed by 


O Op-teaning Toward 
713715 

718 714 T16 


Group T11-T19; 60-Fr Pris; N. O.T. & Cross 
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Under 50.5 Tons per Pile 


( N PILE FOUNDATIONS 


successive layers. They were applied in ‘increments until failure 
reached as indicated by “plunging” or by a a continuation of settlement ae 
time. _ These concrete blocks were supplemented in the case of the 16-pile group 
by additionial loads i in the of f water tanks. Settlements were measured 


the groups not to be by the loads. 
of timber piles plotted both TABLE RICTIONS 
with relation to the load and nti Inpivipvan oliq 
settlement, as well as time) 
and settlement, are given in (a) 
Tables 2 and 3 and in Figs. 
and 4. In these figures, the 


numbers in circles are the e total 


on the arrows are 
load increments. These tests all 
demonstrate that larger groups 
fall by plunging. Table 4 gives In pounds per of embedded area based on the 


the skin friction values at fail-— 


Ab 
ure for each of the timber fric- loaded 


parallel-sided concrete piles, when loaded to failure, did 
the same supporting capacity per unit of embedded area as did tapered timbe 
piles , although « one would assume that the frictional resistance of the surfac 

_ of a concrete pile should be at least equal to the frictional resistance of the 

4 smooth surface of a timber pile. This may be due either to the wedging action __ 
of the tapered timber pile or to some \ very. favorable stress distribution along oe: 
sides due to the taper he average skin friction of all tapered timber 


* loaded to failure in this series of tests was 778 lb per sq ft of embedded area 


207 depth from pile tip to point in ground below tip; 64 


applied load; P’ = point load, or load delivered by Es 


d to point in soil at a 


pplied in the form of long, 
As illustrated in Fig. 2, the test loads were app 
— 
4 
— 
ag — 
— 
(j= 
— 
— 
— 
iii 
cok 
— 
— 
— 
a 
— 
— 
— 
— B = diagonal distance from point loa 


= depth from ground surface to } Point in ground below pile tne 


pile to tk thes soil were considered in this study. An attempt was made to apply 
MA ome ne simple r rule for the distribution of pile loads like the straight-line distribu- 
ion,at 60° to the horizontal that is common in some specifications; but this 


- 


& - 
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Sus 


x pecwte to the necessity for a more complex treatment; nor r did the test sobs 
_ appear to check the formulas proposed by R. D. Mindlin,? Assoc. M. Am. Soc. 
C. E., which prescribe tension in the soil for loads applied beneath the ground 
: surface. Only the classic Boussinesq formulas for the distribution of pressure f 
; through homogeneous 1 material beneath a point load, when expanded for appli- 
- cation to a line load, were found to check with the test results. If further tests 
are made, they reveal that some and yet 
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— 
= radial distance fr at bottom of pile; 
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FRICTION. PILE FOUNDATIONS 


"The unit vertica 


tal pee parallel: to r (if Poisson’ 5 ratio for or the soil is is 0. 5) i 


= = 
ar, 


erpendicular tor, is 


nit vertical shea 


~ "pressures beneath the pile and shearing stresses around it. ¥ It was, therefore, 
“necessary ‘to expand Boussinesq’ 8 point-load formulas for pressures ‘and shears 
Ee _— to apply to such a vertical line of load. These lategeetions 


pe er linear foot of pile varies some at the tip to Re times that valine 
at the butt, the load delivered by any circumferential band of rs dz (co ; 
Fi g. 5(6)) be a load the value: 


+Z)+2 =») 
aye 
d on the Boussinesq formula, 

ver above the tip at is: tH 

Re + + 2(R. 


“4 | = theory may be applicable. The Boussinesq point-load formulas, which have = 
| frequently to determine pressures beneath buried foundations, and 
— 
yo 
Lan 
ia 
— 
— 
— 
— 
iii 
ia 
— 
— 
— 
its 


the 
delivered to the soil | per linear: foot of pile varies from. at the 


to R. times that value at the butt, the delivered any 
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a LA 


Based on the Boussinesq formula, 


vertical pressure at a point above the tip at depth Zis 


at af « Re 7 1) bayols [oval ma gal 


rf 


gon +1 


Bi, ‘The Vertical Pressure at Any Point Below the Tip at Depth Zi. .—The load — 


+ log ope ( Zi + (Z*; + 


pile at, or immediately above, in the the same 


J 


delivered by any circumferential band of height de: be $00} a 


. . — 
for 
i — 
> 
— 
4 
= 
wi 
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FOUNDATI 
form ssures 
. 
ratio 
oe jal i j iles, i f the natural pile taper 
theory. As applied to timber piles it takes acount of thenstural pile taper 


| 


al 
— 


hes 


Fic. 6.—Verticat Saears (In Pounps per Square Foor) Unpe 
“ta (L = 60 Ft; Diameters at Butt and Tip, 14 In. and 8 In.; 4-Ft Spacing; and Re. 

¥ with a thin film of the material, indicating excellent adhesion between the pile * 
_ fnd the soil, and showing that failure occurred by shearing the soil. If the — 
bas flay le oliq.e adiq oh a 


— 

. 


ose be greater at the butt than at the tip. Since the romewtory ean ‘of the 
a soil is slightly increased from butt to tip, however, as a result of a build- “up of © 
mi! internal friction due to greater horizontal earth pressures toward the tip, this 
a. Ry ratio of butt load to tip load per linear foot of pile will be somewhat less than 
the ratios of the Gamoters, | and may be represented by the factor R., which : 
in the pile formulas. . This factor i ina fe function of pile! length, pile taper, | 
> mts The shears existing around a single pile, a 9-pile group, ‘anda 16-pile g group, ‘ 


_ using the derived formulas for vertical shears, are Presented graphically i in 


ere om 


4 
48 
1. 


“re 


= 


‘ie ‘Venmicat ‘Suears Anoup Friction Piz (L = 1; P =1; Re = 1.5) 
Fig. 6. The shears are based on the assumption of R, = 1.5, which value — 
4 Sulectantielie checks the test results for timber piles. The computations were ¥ 
ae acilitated by the use of the curves of Fig. 7, in which the general shear formula ¥ 
(Eq. 2c) is plotted for various depths around a 4 pile of -_ o and ~~ 
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FRICTION PILE FOUND ATIONS 

‘FRI 


a, 


lead P,m the vertical shear : from es b tee factor, We 
4 f . shows that the vertical | shear effects overlap when fF piles ; are placed near eac 


other, and result in maximum shear stresses on the outer surfaces of 
perimeter er piles in agr group, which are greatest at the corner ] piles. s. Hence, 
i vd is likely to occur by the development of excessive vertical shears outside the 
edge or corner piles. This was indicated by the Morganza tests when a group 
failed by leaning toward. a side or corner. 


4 Consequently, it is a basic assumption of the ani method described in in 


ve group and may be investigated = this condition by the formulas for vertical 4 ‘ 
yg te pressure (Eqs. 3c and 4b). However, in / computing the load- -carrying capacity 
Ba Pas of any arrangement of piles, the group should first be investigated against 


a For the purpose of illustrating the contribution of shear from each pile in a 
ee a group to the shear on the outer piles, and the further fact that the shear at a 


_midheight of a corner pile of a group is most critical, the shearing. stresses under 
failure loads are shown in Fig. 8(a) around a pile, a a group of nine piles, 
¥ c and a group of sixteen piles, computing these shearing stresses at the butt, “a A = 
a the tip, midheight, and the two quarter points, and using R, = 1.5. In the a : ae 


computations of the failure loads on the piles in these various groups, an average — e 
: shearing strength of 750 Ib per sq ft at failure of a single pile was used for con- 
venience of computation. It will be noted that the shearing stresses, in pounds — 
ay ~per square | » foot of embedded surface on the single pile, increase slowly from 
bas butt to tip, being larger toward the tip because of the better | shear value of ne 


soil there due to internal friction. It will also be noted on the 9-pile 7 


groups of Fig. 8(a) that the vertical shears" shown around the outside 
piles i in no case exceed the vertical shears at corresponding heights on a a single 
ee pile, and that, as the number of piles in the group increases, the load per pile e a 
; must decrease in order to satisfy this condition, | owing to the contributions +7 
; alll other piles: to to the sh shears on each outside pile. The critical point around the y 
perimeter for § groups of this size is seen to be at midheight of the outside surface 
‘ Sa oe the corner pile, and, if the assumed shearing value of 750 lb per sq ft at ei 
8 Pi midheight of this pile is exceeded, failure will occur and spread | progressively 
Bk the less critically stressed points around the group perimeter. eee ay 


DETERMINATION OF | SHEAR-FAILURE OF A Gnovr 
re . method of determining the shear- failure load of a group of piles, using — : BE 


aa the derived formula (Eq. 2c), would consist, first, of loading a single pile to ey 
: failure, as determined by the load at which the pile. settlement under small = 


ce aa additional increments of load would increase rapidly and the pile would no 
eS longer come to rest. _ This test load divided by the contact area is the 0k 


distribute the pile loads safely. Larger groups than y 
a 


group i is to fail at this value per éque re foot 
along a plane intersecting the outer surface of a corner pile, and drawn approxi- — i 
e mately normal to the line connecting this corner pile) with the center of gravity 
- of the group. A load P is assumed on each pile of the gre group arrangement to be 
nvestigated. _ The contribution of each pile in the group to the midheight shear 
of the c corner or critical pile is found by using the general shear formula (Eq. 2c) 
and multiplying he contribution of each of the other piles by the sine of the 


rom) 


ay Cay CORRECTION FACTOR 
| —FOR WIDE FOUNDATIONS 


050 0.70 x 1.10 390. 3,50" 
Ratio of ote of Square Group | to of Pile 


from: all piles j in of 1 pile added the ‘midheight 
shear on the surface of the corner pile (which is equal to P divided by its pene- | G 
- trated contact area), a decimal number is obtained, multiplied by P. The 

' - shear-failure value | per s¢ square foot is divided by this decimal number, and the 


facilitate the computation, curves have been drawn in ig. 9, plotting 
os the shear formula for Re ‘1.5 for various actual pile lengths s from 40 ft to 80 


q diagonal plane of failure. When these contributions 

| 
a | wal 

J 

— 
— 


d | ty? as the group size increases, the point of critical shear on the outer piles | will a 


“these. curves it is possible to read directly the fractional part of P contributed 
as shear by any pile in the group to the shear on the critical pile at the corner, 


on a plane normal to the line connecting the two piles. 5 


oh Mawel In order to demonstrate the accuracy of the use of these derived formulas, 
ae ee Table 5 has.been compiled to show the comparison of theoretical and actual 


TABLE OF THEORETICAL AND ACTUAL FAILURE Loaps 


PER Pine, Morcanza TimBper Test Pine GRouPS 


See 


pa 


Taine TO TONS PER 


= 
g 


Cc 


One square 
One square 
One square 
T Two squares*| 
T20-T27| 8 | Rectangle 
T14-T17 Square 
T4-T5 | 2 | Rectangle 


| SSsssss 


loads for the two 9- pile test gr groups, TL -T19 and T21~T29, for the 
4 16 pile test group, T37- -T52. The theoretical failure load was corrected in each 
Nia case for a small amount of eccentricity in the pile group resulting from a large 

of smaller "diameter piles driven toward one corner or side. Table 
| shows the same comparison for the 8- pile test group (N. 0.T. & M. 
8-pile test group (T. & P. T20-T27; the 4-pile test group (T. & 


T14- T17; and 2-pile test group (T. & P. T4 and T5. 
ai ~ Unfortunately individual piles were not driv ven and tested to failure adjacent 


to all of the groups because time and available funds were both limited, and, ¥: ; Z 


in computing the carrying capacity of those groups where no single pile test 
a _ was made nearby, the average shear value of 778 Ib per sq ft of all single piles 
tee tested to failure was used. On the other h hand, where single piles had been — 
an oy driven and tested to failure near some of the smaller groups, the actual shear — 

: & values of these single piles were used i in computing the theoretical failure | load. — 
It will be noted that theoretical failure loads computed on this basis checked . 


closely with the actual failureloads. 
Since anes pile distributes its load outward and downward, it is evident that, 


tend t to move downward. From computations of various sizes and arrange : 


= a iG ‘ments of groups, , it has been found that, where the side of a , square. group is more 
‘Aga Cae than one third of the natn of the piles, the critical shear on the corner ee 


= 


4 


a 


— 
— 
—— 
in ft | in ft in in. Lb Pile a 
ve NOT. 4 14.265 | 1.022 | 778 | Average| 54 | 55.3 
4 14.31 | 1.0243 | 778 | Average| 54 | 56.3 
&M. 4 12.93 | 1.065 | 778 | Average| 43 | 429 
3 13.55 | 1.000 |685| Ti | 415/425 
3 12.00 | 1.000 | 778 |Average| 39 | 40 
— 3 12.56 | 1.076 | 847} Ti8 | 47 |50 
BY * Over-all average diameter. Relative effect of the eccentricity of the center of gravity of the piles. 
4 
4 | 
— 
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FRICTION PILE FO NDATIONS 


: oe is method primarily establishes the failure ioad per pile of a group in 
shear. In the: actual design of structures supported on friction piles, the work- 

ing load chosen per pile should provide ample safety factors (1) against possible 

shear failure, and (2) against excessive settlements from vertical pressures, 


pa pa 


1, at Por 
w 


for L=1, P= 


uo 


Vertical Pressure for L = 1 


~ 


0.07 


‘giving due regard to the relative proportions of dead, live, and dynamic loads. 
The dead load i is the constant load that may produce excessive settlement over 2 
Paw. periods of time without necessarily resulting in a ‘shear or total failure. 
is probeble: thes. a load, or dea fond, /may be chosen tome. 


than the mnidheight of the pile. ‘Thus, 
From § occurs lower 
orner, ff 
oulas, 
sctual | 
hand 
— 
| 
lin 
— 
|. |. 
eswil 
range | 


FRICTION PILE 
closer the shear- -failure load in large groups than i n in small groups, be- 
cause of the relatively sluggish failure of larger groups as illustrated by the | 
behavior of the 16-pile group under test. git nf 
ire Uustrative Problem.— —The following example illustrates | the | manner in 


- formulas have been plotted for a pile length L =1 and load P P: =1, wes 


-_ [In this problem, fifteen 60-ft piles, with a specified minimum n tip Pils 
a 8 in. and a minimum butt diameter of 14 in., are laid out at 4-ft centers in 
ai rectangle of f five piles by’ three e piles. 1 They are to be equally loaded to 15 tons 

total load per pile. “ The average shear value of the soil at the failure of a single 4 

_ Example i. 1 L Load per Pile in a Vertical Shear Failure. —The total shear 

in piles of the group is | computed as shown in Table 6. For the corner pile. A, 


0. the pomalning values i in Col. 4 being ¢ 


Col. 3. 


with under equal 
30 ft failure loads 
—(Re=1.5) | plane per 


000283 | 1-000 


| 


000 | 0.000105 


9, “pile B = 0.000660 P,” ete 
’ ile B = Col. 2 X Col. 3 = 0.000295 P,” ete. (Col. 4). 
the total group in Table 6, the failure load P per pile 


750 Ib per sq ft (failure shear)... yea 
82,700 Ib = 41. 1.4 to ei bool 
ae dn the inset diagram of Table 6 the failure plane i is » drawn normal to the 
connecting the corner with the center of the group—a 45° plane gives 


— 
— 
— 
— 35 . ‘Tho of vertical pressures: 
— 
— 
— a 
| 


Table 1, the the reduced to 
TABLE 7 —VerticaL Pressures BENEATH THE GROUP, , UNDER 15. 


of Other Pile 
Pressures 


10.72 Ke 
8.88 

2.27 


proportional parts of b (= 60 ft), with radial distances from the center ‘pile to 
each other pile. T he table method and results of ae computation 


: and 2: First, that the failure load per pile, of the 15-pile grou : iss slightly greater | 
than that of the , approximately equivalent 16-pile square group of Fig. 8(a); ts 
and second, that the vertical pressures under the center pile of the 15- pile 5 
_ group are slightly less than those beneath the interior piles of the 16-pile square ~ 
group of Fig. if it is s loaded to 15 tons per pile. 

_ These conclusions suggest that tables of shear-failure load pe per pile, and of ae 
pressures beneath groups for t square groups « of f many dimensions may bea apie 5 P 
wd guide to ‘design. — LT: ables 8 and 9 have been | prepared with that purpose in mind. 

4 ‘Table 8 has been prepared for a shear-failure value of 750 Ib per sq ft from ; 
5 which results may be proportioned for other values; and Table 9 has — : ot 


a, prepared for 10 tons per pile, from which results may b : proportioned ~~ other Se) 


Toads. The tables be used su subject to the rules: 


than a square group containing the same number of piles. bd sataooil 


— 

r in 

ingle L 0.0667 L “0.0667 L-© 0.133 LS 
ZuUL | 0.0055 L) |(r =0.0687 L)|(r 0.0942 L)| (r =0.149 L) | (r =0.133 L) 
* The actual pressures in last column are equal to units in preceding column multiplied by 15/60% 
— 
= 
le 
Je 
— 
— 
NY 
mpute: 
— 
quals 
— 
— 
— 
— . 


group wil have banger vertical pressures than a i» square group 


—SHEAR Farure Loaps PER Pie, 1 IN Tons, FOR Square 
UPS oF OF Various LENGTHS | "AND ‘SPACINGS 


% 5; Shear v ‘alue of Soil = 750 Lb per Sq Ft) 


60-ft | 80-ft 60-ft | 80-ft 
piles piles i piles | piles — 


20m NO 


ae 


is Governed by shear summation at midheight of corner pile; all others governed by shear summation at 


APPLICATION oF tars Meruop TO DESIGN dnd 
On the basis: of the preceding data, t the following would be the 
ake suff cient borings: at t he site to establ ish the approximate uni- 
of the soils over the entire area being considered, and to 
Bi further the fact that a firm stratum for the support of point bearing piles is not a 
4 wae (2) Drive a test pile of : about the length contemplated to be used in the 


one design, and if the number of hammer blows per foot i increases only eatesiiy a 


3 increase vin scttloment | that cease with time, and which 
ee result in at least several inches of settlement. From this failure load, the shear- 


— 
— 
— 
— Bee | 3146 40.6 | 31. | 23.9 3 
; 
d by this pile theory.* M 
in the manner suggeste al 
approximately 4 
2 
Ww 
in 


ons 

“eal (4) Ww ‘ith this s shear value in mind determine, by an examination of Table 8 
approximately w hat the failure load per ‘ pile. will be for the a : 
of piles required, and select a working load per pile that provides an » ample 9 
safety factor consistent with the group § size and the loading characteristics. 
- For an unusual group, the determination of a load may be ‘made ‘more Pie 


7 


TABLE 9.—VERTICAL PRESSURES, In Tons PER Square Foor, 

CENTER PILE. or Val akIouS SQuARE PILE Grovurs 


20:10, Tons Per Prue 9 


= 1.5; 40-Ft Piles, 14-In, Butt, Tip; Piles, 14-In. Butt, 8-In. Tip) 


, ae | 4 rows | 5 rows | 7 rows 9: rows 11 rows | 13 rows | 15 rows 
One pile | = 16 =25 = 49 81 = 121 = 169 
viles piles | piles piles piles piles 


0.172 | 0.316 | 0.376 | 0.448 | 0.562 | 0.663 | 0.752 hi 0.826 | 0.890 | 0.940 ms 
a ink 0. 023 | 0.139.| 0.197 | 0.266 | 0.386 | 0.490 | 0.585 | 0.660 | 0.728 | 0.789 
ae rig : 0.004 | 0.032 | 0.054 | 0.082 | 0.146 | 0.218 | 0.295 | 0.374 | 0.448 
s 0. 0.013 | 0.023 | 0.035 | 0.066 | 0.106 | 0.154 | 0.202 | 0.251 


0.318 | 0.367 | 0.443 | 0.503 | 0.555 0.625 | 0. 


0.157 | 0.208 | 0.287 | 0.352 | 0.407 | 0.453 | 0.490 523 ek : 
0.051 | 0.076 | 0.131 | 0.187 | 0.245 | 0.299 | 0.348 as 
0.022 | 0.034 | 0.064 0.099 | 0.137 | 0.173 | 0.211 
oman 
0.271 0. 0.492 
0.113 | 0.160 | 0. 0.326 
0.025 | 0.039 | 0. 0.112 
0.010 | 0.016 | 0.0: 0.049 


0.010 | 0. 03 048 0. 119 


Find the pressures beneath the center of the 
a¥ "group, under the working load chosen per pile, by examination of Table Sr. 
(some interpolation: may be necessary). If the pressures seem dangerous, 
if the group is ‘unusual, a more precise calculation m may be made by the method er 57 i 


If consolidometer tests have been ‘made: on of the soil beneath 

and around the piles, it will be possible. to compute, from the vertical p pressures _ B 

a _ determined by use of the formulas and curves. a theoretical maximum settle- _ 

cS ment of the pile tops along the vertical center line of the ) footing w under the ; 
_ working load. This theoretical settlement cannot be realized fully, e especially ae 
in n piles supporting a stiff pier base where the stiffness of the footing will restrict _ 


a 


= 


_ — 
‘ 
— 
& 
i 
ff 
— 
pls 
4 4 | 0.023 | 0.117 
20 | 0.004 | 0.031 
0.001 | 0.013 
6 | 0.010 | 0.074 
Fy 0.131 | 0.204 | 0.234 gam | 0.331 | 0.384 | 0.433 | 0.475 | 0.510 0.541 
lO 0.010 | 0.064 | 0.093 | 0.129 | 0.190 | 0.245 | 0.295 | 0.340 | 0.379 | 0.413 ree — 
0.000 | 0.006 0.144 
ot 
ly — 
vd 
— 
— 
— 
il 
he 


ouNDATIC 


feta, > lft the area under a large building i is thought of as one large fosting 4 in 
ry 


Moprrication oF PREssuRE DISTRIBUTION DUE TO VARIATION 


The encountered on ‘the Morganza Floodway : are believed 
distribute loads in a manner representative of.most true friction pile founda- 
tions. Ai If the materials were to grow progressively denser with increased pene- _ 
ed tration, the distribution of pile load to the soil w would become greater ti toward the 
e * tip, of course, and the effect of this could be estimated by reducing g the value a 
of R, in all the formulas from the value of 1.5 used in this paper. Ratio R. 
would represent a pile with h uniform load per foot, and R, =O would représiat | 
8 distribution of lood i increasing from zero at the butt to a maximum value 
Beet v4 As the materials would | become denser a and denser toward the tip, the re- 
duetion in in pile s strength due to ) grouping w sould become progressively less pro- 
until, with pile tips bearing on rock, the permissible load per pile! in a 


‘ 
|TABLE 10. —Minvun- RUDERMAN STRESS Corrricients FOR 
(Poisson's 8 Ratio Assumed 0. 5; all Values Negative (or Compression) Except As Noted 


0.209 0.079 


+0.166 | +0.142 
+0.678 


MopIFICATION OF RESULTS BECAUSE oF OTHER Bousstnesq bits 4 


The distribution of stress is always downward from a point of 


ral load, and has been used with success in determining pressures beneath many 
buried f foundations. Professor ‘Mindlin’s formulas* a ‘stress — 


ag 
3 
— — 
— 
— 
| | 0.216| 0.147 077 | 0.039 | 0.019 | 
| 0. 0.404] 0.364] 0.318 "330 | 0-112 0.077 | 0. 0.022 | om 
— 
0.012 | 0.004 0.000 
— +0.090 | +0.021 0,024 | 0.062 | 0.029 
40.174 +0.268 | +0.084 | 0.032 | 0.024 0.021 | 9.008 
+0.755 0.110] 082 | 0.051 | 0.023 | 0, 0.002 
0.494} 0,145} 0.082 0.061 | 0.026 | 0.012 | 0. 
5 
— 
— 


RICTION 


tion upward by t tension as well as downward by compression from a point load r i 
buried in the ground. m: M. Burmister, Assoc. M. Am. Soc. C. E., has pre- 


it 
sented the Mindlin formulas in usable form for foundations,’ as reproduced 


‘From Table 10(a), showing stress ott 


a distribution around a pure » friction pile A 


_ with uniform load per linear foot, it _ 


has been possible to compute a curve % 


_ of vertical shears around a pile at mid- __ ig 
‘curve from the general sh shear formula 
(Eq. 2c) derived i in this paper, using - wr 
>a R. = 1.5, and with a curve from renee 
ae same formula using Re = 


_ sures beneath the pile and increase 3 3 
the shears around the pile, thus throw- a tf 


more load into distant piles. of a us 
group and making group ‘action 


dangerous than the Boussinesq 
bution would indicate. Th 


Since the curve Hor R. = 1. Sunder 


Boussinesq distribution checks the 
tests more closely than does the curve 


for Mindlin distribution, it would seem 
that timber friction piles distribute 


load more nearly in accordance wit Distribution 
for Uniform Load 


Boussinesq formulas. 


OF Tus THEory oF 


2. 


this theory is correc in stating 
shear failure occurs through the 


building up of critical shear stresses ar of 
0.1 
the corner piles of square or rectan- pie hp 


gular groups, it would follow ‘logically wr Varricat 
that a more efficient grouping arrange- AROUND A SINGLE Friction Prue By 


the use of octagonal footings | the same number of piles. 


oe. * of the Purdue Conference on Soil Mechanics and Its Applications,” Purdue Univ., : 
tember 2 to 6, 339 (citing also ‘Stress Distribution Around a Loaded 
p24 Ruderman, Thesis No. 500 submit’ to the Dept. of Civ. Eng., Columbia Univ., New York, N. Y., 
~ F if 39, in partial fulfilment of the requirements for the degree of Master of Science) : 
he 


for L 
in 


aq 


Vertical Shear 
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Ww a group {friction a stiff some > redis- 
“y tribution of pile loads toward the edges from those ‘ealculated will take place — : 
ae in order that the settlement of the edge piles due to vertical pressures may ~— 4 
z come equal to the ‘settlement of the center r piles. t It would be i in accord with 


piles, if the piles were spaced more closely in the exterior rows of the group hen 


pe ha F It would be desirable, if funds were available, to make various group ar- 7 


a rangements and test them to failure so as to have additional test data on sizes 
i and shapes of groups as well as the most efficient t spacing. I ‘Iti is hoped that 
rh others interested in this subject may be able to ec continue the tests | that were 4 


The first ‘computations using the formulas derived in this paper were 4 


ae in a report to the Corps of Engineers, U. 8. fallen New Orleans 7 
District, and used i in the preparation of designs for proposed railway crossings — 
across the Morganza Floodway. The report was s presented in December, 1940, 
a: by the writer’s firm working with that of J. F. Coleman, Past-President and q 
Hon. M. Am. Soc. Cc. E. ‘The author i is indebted to ‘Harry J. Engel, , Assoc. 
_ M. Am. Soc. C. E. , for his work in the derivation of the: equations used and the 
‘numerous cnloulations required. During the progress of the pile tests’ used in 
this article, Lt. Cal. Tompkins and ‘it. Col. Clark Kittrell, Mem- 


e tests is gratefully acknowledged. — Roscoe Owen, M. Am. Soc. CE, 


2 agai and their eooperation, as well as that of their assistants, in . making q = 
struction engineer of the N.O.T. & M. Railway Company, supervised the 


eory of design of —— friction pile foundations presented in this paper. “ot 4 


4 
3 
— 
— 
— 
— 
— 
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Soc. C. E- _The t tests ‘a the of 


ad in various groupe, as reported by Mr. Masters, are worth many times their a 

cost, and the formulas deduced and results of calculations therefrom: reveal — 

many interesting facts. Many more tests should be made and could be made 
with a saving of millions of dollars from the information gained: Tests on the pee . 

; _ spacing of piles i in groups, on the result of leaving out center piles of a group, oes 

on the supporting values in sand in the river bed, on the value of foundation of Eee a 


driven in sand or clay would support a lesser load than the other. 
siDle Iti is evident that many pile-foundation designs are made on the assumption 2 
; Hoe that 60 piles will carry 60 times as s much as one pile, and that it is economical he 
crowd these piles into as small an area as possible. The result is a spacing 


Proper spacing of piles to secure the same strength would i increase the « cost of 


be consider ed; but the now becomes a scientific proble 


Te writer often has thought that the perimeter of the éitire group ina 


certain location determined the ‘power of the group rather than the number 


a piles, if the piles were not spaced farther apart than, say, 4 ft. For instance oe 
_ (see Table 1(c)), a group of nine piles T11-19 failed under a load of (56. 3 x 9=) oe 
507 t tons. that th the perimeter group length i is x 4+ x4 


59.7 = 2,149 sq ft, the shear is ——~ 2140 0.236 per ft. “The 


ft and the shear i iss = 0. 220 tons per sq ft—a difference of only 7%, whic 


amount could easily exist in did similar | groups | of the same number. 
ap How ees would the group of sixteen piles have carried if spaced 0 on n 3- ft 


¥ bcs oe days after driving, a pile will carry an increased toed. * Four piles v were 
driven in San Francisco Bay to support a derrick. They were 90 ft long. and 
mown about 25 ft of water and 55 ft of clay. - They drove easily and did 


- 
— 
questi of wnit costs of concrete and niles lencth of niles thickness of con- 
= 
— 
— 
group TS7 to 52 failed under load of (42.9 X 16 =) tons. Theperimeterol 
the group multiplied by 
G 


er 
Gallien two the steam hammer 000-Ib r fe 
t 


het 


could not move the 04 00-ft Piles. These lengths were used for a year without — 


"ak thes In 1900, the writer’s firm built a creosoted pile trestle across Biloxi Bay. * 
a _ The piles drove easily in the mud—too easily. — They would not support much > 
more than a heavy hammer. The contractor was alarmed. The 

: ¥ x ie and several panels loaded to 100 Ib without a1 any settlement and the ¢ causeway — 

‘ served the public nearly thirty years, 
In 1912 the Kansas City Terminal Railway Company made tests. of 
crete piles driven in dry loam, tenting them immediately after driv ving. 


09 ded} glia ean 4s fount en santid 08 Nivw 
From the contractor’ 8 point of view, one other point in spacing piles should 


4 be given more consideration; that is, the distance from the outside edge of the 


. _ center of the outside pile to the inside of sheet piles unless a follower i is used. ‘ 
Guenn B. Wooprurr,® M. Am. Soc. C. E.—Many engineers have been — 


o 4 the profession are due the author for presenting the results of these tests in a 
paper that gives a mathematical statement of these principles. 


_ Although Table 5 shows a remarkable agreement between theoretical : and 


: suet results, the author probably will agree that delta. deposits are generally q 
: Ee so heterogeneous that extreme precision in predicting results is unwarranted. _ 


terms that will have minor influence on the results. = 


¥ > to separate the results of this action from the settlements mauling from the 


= _ Tables 8 8 and 9 show clearly the advantages of wide pile spacing. This wide . 
ae spacing has the. disadvantage that larger, and consequently heavier, footings — 
are required to distribute the superstructure loads to the piles. In some eases, : 


concrete base to the center of the outside row of piles. is usually shown 


wide ar are needed. grits 000-Ib, single-acting steam (36-in. stroke) has” 
an over-all clearance of 40 in. requiring 36 in., with 4-in. n. clearance, from the 4 


aware of the general principles | demonstrated by this paper. The thanks of 


a It appears permissible therefore to simplify several of the equations by ‘sn Be 


_ The load tests were made shortly after the piles were driven. Possibly, 

ver a long period of years, the disteibution, of of the loads from t the | piles t to the i. 

soil will change materially. “In most silty soils, the process of soil 
_ consolidation under its own weight 3 is still continuing. If the strats. near the i 
surface § are settling, these strata, tather than taking load from the piles, will By 


consolidation of the strata below the pile t tips, but it is to be hoped that the eo. 
; owners of the structures to be built will arrange for such a record of settlements 
_ under piers of varying size that certain conclusions canbe drawn, = 
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te cap and a wide distribution of the load. In this ' way, each of the piles i in 


Jacon M. Au. ©. solution ‘of th the 


mented for his derivation of empirical tables for practical use in n design. — ay That, 


: Se surface but along a soil surface, formed by the adhesion of some soil to the pile 
ey In the case of tapered wood piles, the proper s surface a: area seems to be governed 
ie oe y the maximum p pile ‘diameter, not by the average. . Certainly at failure, the " 
soil directly below the tapered surface is compressed sufficiently to act as part | 
oof the pile. Table 11 shows the data Tal Table 4(a) with such adjustment th 


wood piles is 600 Ib per sq ft of TABLE il —SkKIN ‘Frictions, INDIVID- 


cylinder surface, with the butt Timur Pr 


_ Since the minimum value 


occurs with the minimum tip. 


and the maximum value occurs 
A with the maximum tip, there is om 
certainly some variation with 
size. The number of test 
values is not sufficient to draw t 
more definite conclusions. 
group a of ‘friction piles in 
itself is a means of Average. 
4 
= from tests with spread footings, therefore, is not surprising. Only by 
_ exposure of loaded surface to soil not carrying its full capacity can lo 


pt ‘The writer has used a a very rough rule for the ratio of load-carrying capacity Pag tes 


& of a group of piles to that of a single pile. Since it seems to have some relation 
F to the result presented i in this paper, the rule is given herein. _ The value of 

_ pile in a group is the value of a single | pile less one sixteenth for each adjacent : 
4 diagonal or row pile (see Table 12). In view of the unknown relative effects of — 
M tip area and length upon the unit bearing value of a pile, the suggested reduc 
in values of a group is fully enclosed 
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ing distance is assur ig. 8, gives — 

inimum pile spacing in Table 6 and Fig. 8, 
gs 50% ora th d applied to the au 4 
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with the data in Table 5. got sath he 


od TABLE 12. Prue or Civsrens fg 


(Total of Cluster ‘Given i in n Parentheses, i in Terms of Single Pi Pile jo Value) 


rf 


ant 4 Piles rd 16 ; 


af Similarly for Other Clusters, 


 @Qmitting Center Pile of the 9-Pile Cluster Does 
Affect Bearing Value of the Cluster. 


GoG. Grevuice,” Assoc. M. Am. Soc. C, E. —Car eful and adequate 

Ey driving and load tests made preliminary to the final preparation of a design — 
idee are described i in this paper. . Iti is ‘apparent that, after reviewing all available — 

recorded data, previously. expounded theories and formulas were expanded and» 
- modified in an intelligent manner so as to be theoretically compatible with the _ 

. ws test results. . The closeness of the approximations is shown by Table 5. wh How- 
ae, ever, the e close agreement shown in the table may be due, in a large measure, 
ree to the exceptionally uniform soil conditions prevailing i in this portion of the — 
a wer: Lower Mississippi Valley. In areas where more heterogeneous soils may be — 
encountered, it is doubted whether such close agreement would be found. cp 
_ _ The theoretical failure loads given in Table 5 are remarkably close to the * 
- a sp actual failure loads and demonstrate that, on occasion, the law of averages will ms 
take care of widely varying factors. _ Reference t to Table 1 shows that there i a. 7 
be very little relationship between the hammer blows for the last foot of penetra- : 

> sift tion and the actual skin friction values developed at failure. For example, in 
ogi the P. tests, pile T18, requiring 25 blows for the last | foot of 50.5 ft of 
t". a F penetration, shows a skin friction value of 847 1 lb per sq ft, as ‘compared with 
age 610 lb per sq ft for T14~T17, where the number of blows for the last foot of 
approximately the same length of penetration (50 ft) was 27, or two more than 
the much higher load by the first pile. Reference to the N. 0. 
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ith 680 Ib th 
iction value of 777 lb per sq ft, as compared 
| 3 tion, shows a skin friction mber of blows for the last foot 
tration was30. je-Ilinois Steel Corp., Pittsburgh, Pa 


S ‘the average value frien Table 4 apparently gave exceptionally accurate results 
when used by Mr. Masters in predicting theoretical group behavior, This is 
a especially notable in view of the normal and often wide variation found in the a i 
shape of timber piles and their behavior in driving when driven in isolated - eg : 
groups. The writer wonders if this method will prove as accurate when 
plied to groups at other locations. Only additional similar test data will 

ne — develop this point. In the meantime, it has been demonstrated again that, 
having access to carefully recorded test data, it is possible to develop rules or 

Somers that do give reasonable results for any areas of ground which are a 


a a the writer’ 8 opinion, Mr. Masters has done a great service to the pro- 


z piles when used closely spaced in large groups. _ This table throws light on a 
ats made some years back by an elderly engineer whose name the writer 

Bs, cannot recall. fi In his practice, he had built a number of swing bridges with 5 a ie 
the main center pier founded on piles. In spite of the fact that the timber piles" Be ret, = 
BP he ordinarily used tested satisfactorily i in clusters of four for safe loads of 16 to | ae 4 
18 tons per pile, he found that, in order to keep settlements within workable ds 


a limits for his movable structures, he ane not load the piles to more than 7. 4 fr 
Referring to Table 8, it t will be noted that, for : 2. -5-ft spacing of ‘40-ft piles, e 
_ the failure load for clusters of four is computed as 32 tons per pile. “A On such i 
8 pile, a 16-ton to 18-ton load might ordinarily be considered a safe working 
Toad. Going on down the tabulation to 16 16.5-ton load per pile, which would 
“a. represent a safe load of 7.5 to 8 tons, it is noted that a group of 49 piles would — 


have this theoretical capacity per pile: 
Multiplying 49 piles by 6.25 sq ft of area, 

a spacing, the resulting gross area is approximately 306 sq ft. 


: ‘This area could well have been the area of the main piers of some of the early, — 
ag light, swing bridges of this type which were 2 approximately 2 20 ft i in diameter. Fs 
3 As stated before, it is believed that this | ‘paper gives a vivid explanation of the 


practicing ¢ engineer a vivid picture of the in load capacities of 


a 


3 


8. Assoc. M. Am. Soc. C. E. —There i is probably no part of 
structural design less understood than foundations, especially foundations sup- | : Sen 
ported by friction piles. For many years, it has been known that the value of m 


or - titative solution of the problem. The remarkable correspondence between the — 
theoretical and actual loads at fe failure in the Morganza Floodway | 
great meanest to the proposed method as a practical design tool. — 
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The: _ was particularly interested i in the approach that the paper pro- _ 
vides to the question of piles versus : spread footings on cohesive soils. Ther 
are many contradictory statements in current engineering literature on thi ie 

subject, but, so 60 far s as the wr writer knows, ‘no armenian comparison has been 4% 
In Fig. 12, showing the approximate vertical pressure, contours 
‘given for foundation supported on piles and the same foundation resting 


Distance from Center Line, inFeet contours on the  @ 


3 show the pressures 


pounds per square foot 


o 


10 the foundation resting di- 

pit", rectly on the soil, whereas tl 
ACEH. on the right- -hand g 
20 side show the pressures 
under a foundation sup- | 

ported by piles. The foun- 


dation chosen for the ex- 
ni 3 ample was a square, 12 
on a side. For the pile 
foundation, 16 piles 
used. The piles were sym- 
metrically placed, spaced 
iz Yad at 3 ft on centers with 1,5. ee 
ft allowed between the 
or cénters of the outside 
and the edges of the foun- 


dation. A load of 10 tons 


|| er pile and a pile penetra- 


tion of 40 ft below the bot- 
SPREAD FOUNDATION | PILE FOUNDATION tom of the foundation were 


Fie. 12. —VeERTICAL Paz umed. The piles warp: 

4 IT Spread FOUNDATIONS fait! hs assumed to have a 14-in. 

res: 

the formulas for pressure, a value of R, = 1.5 was used. The spread foundation — a ; 


was the same size as the pile foundation and carried the same total load, 160 tons. i 4 


pressures in the case of the pile foundation were computed fr om Eqs. 
: oer 3c and 4b and were the summations of the pressures contributed by all of the“ 
tee piles. The pressures under the spread foundation were computed by the ‘a 
- Boussinesq formula applied to subdivisions of f the foundation area. The pres- e 

i sure contours are those in a vertical plane passing through the center of thes ff 
foundation and perpendicular to the sides. It should be noted that this plane “ 


does not pass through any pile and | does not show the local pressure concentra- 
close to the peripheries of the piles, 


ort 


It is interesting to note the differences in pressure distribution. Under abhi: 
the pressure under the ‘the pile foundation d does 
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600 Ib ‘eq aft and i is confined to sone. around the lower 10 ft of the 
_ pile lengths, whereas, under the spread foundation, the pressures reach the unit é 
f ad on the slab (2,220 Ib per sq ft) with the higher pressures near the ground 
surface. In the usual case of a fairly uniform soil, it is of advantage to transfer a 


loads to considerable depths below the surface as soil generally. 


The consolidation of soil held between piles that are 
is undoubtedly a complicated procedure and probably not susceptible 

of analysis. It is possible that the entire block settles as a unit and that it the 

pressure at the pile tips is the p pressure of the foundation slab, less the | pressure 

7 transferred to the surrounding soil by the outside rows of piles. Since, oil 

general, the soil consolidation is proportional to the logarithm of the applied — cae ee: 
as: ‘pressure, , it would seem that | piles in the ordinary so soil formation would arty <8 


the total settlement of a foundation 


known as s the solution, i is used in this paper, ‘in an attempt to 
i tablish a tational estimate of the stress distribution i in the soil around a fric- 


tion pile. “The : applicability of the classical theory | of elasticity to stresses in 


- soils is debatable, but may be allowed as a first approximation on the basis 


RayMonp D. Minpun, Assoc. M. Am. Soc. C. E.—An unfortunate e error 


the re realm of elasticity it is not permissible to violate 
the mathematical and physical laws which immediately become effective. — a ies 


is 


ct has done, additional distributed loading is automatically introduced on the 4 
cau surface. T The resulting stresses in the interior of the body are then those due 5 


~ not only to the line load penetrating into the body, 7, but also to the distributed a2 


author implies that his formulas (Eq. 2c, for example) represent stresses. 
at depth Z due to the distribution of delivered load P’ (Eq. 2a) extending from 
3 the butt to the tip of a pile of length 1 L. ‘Hes should state, at this point, that 
‘as the form of P’ is either an assumption, 0 or is based on experimental or theoretical ee 3 


“difficult part of the problem.) Furthermore, Eq. 2¢ gives, in fact, the ) dis 
- tribution o of 8, at (and only at), a depth Z due to (1) that part of P’ (and only 
part) between surface and depth 4, plus a surface distribution of 


¥ *“On the Distribution of Stress Around a Pile,” R. D. Mindlin, discussion of papers, Section 
E—Strees Distribution in Soils, Proceedings, Internati al’ Coaterence on Soil Mechanics an 
Eng,, Cambridge, Mass., Vol. il, 1937, box 
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eases, of course, in which the surface stratum is better than the underlying = = 
material. Under such a condition, a pile foundation might’show more total 
— 
| — 
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| 
— 
a 
— 
' 
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By 


is 7 
by the fact that, in Eq. 2c, the symbol 4 Z represents both the 
ae. = 9 of the plane on which 8, is to be caloulated and the ¢ depth to o which the line of 
oats load extends. If Z is allowed to approach zero in Eqs. 2c and 3c, 8, and q,__ 
also approach zero; but this is not because no surface loading 8, (or ge) is im- | 
_ plied by the author’s integration. Because of the dual meaning of Z, one can- 
- not move the plane on which the stress i is to be examined without sy ate the ; 


a 


reduce: the length o of the line of load to zero rv ee is, s, the entire solid is s unloaded), 4 F, 

eae resulting in no stresses in the solid at all, and, of course, no stresses at the sur- % 

ye face. _ The expression for 8» the author would have found, if he had ar re, 

of his incorrect theory rigorously, is (confining attention to the case R. = 1, ‘ 

which Z is the distance surface of any point, and ‘is the 
below the surface, to which the line of load extends. It is then seen that if 
no distinction is made between Z and Z’, the author’s result is obtained. Ine 


| 


= 


7 > 2 5, however, it is seen that the stress does not vanish at the surface (Z = 0). 


Hence the stress distribution found applying the Boussinesq solution i is one 


= 


“a 


a9 


= Furthermore, i in Eq. 5, 2 pean be taken equal to L (the length of the pile); - 
otherwise, if it is taken equal to Z, it is assumed incorrectly (and the author 
Ee has. implicitly done this) that the portion of the pile extending below the plane — 
a on which the stress i is calculated does not affect the stress on that plane. — eens Bs 
‘The author refers to a solution. of the elasticity equations by the writer? 
: = - pa ‘States that it ; does not cl check the test results quoted in the author’s paper. 
q nae a This is not surprising on several counts, but chiefly because the solution and ; 
* ¥ = the tests do not deal with the same problem. The writer’s solution is for the — 
; ian stresses due to a force applied at : a point in the interior of a semi-infinite elastic 
i, oa just as the Boussinesq solution is for a force at a point on the surface of 
a semi-infinite solid. " Neither solution deals directly with stresses due to 
if — Tine distributions of forces, although both may be extended to such cases, by — 
integration, with the important reservation that the Boussinesq solution is 
restricted to loads distributed on the surface of the solid. & 
The author refers to a thesis by J. Ruderman as mentioned in a paper by 
D. M. Burmister.* Ruderman’ work | contains the correct integration 
for a uniform line distribution of load in the interior of the semi-infinite elastic “Si 
a solid. This thesis gives the results the author should have obtained for the 
ease 7 1. Table 10(a) of the paper contains only a smail portion of Mr. 
Ruderman’s results and it is then that “From 10(a) * it has 


oma 


ot 


4 
h 


; “been possible to compute a curve of vertical | shears ae a pile ¢ at midheight. a 


th Fig. 11 this curve is shown * On the « ‘contrary, it is not possible to 


4 

The author uses the of to find | the 

ee stress for a group of piles. - It is important to emphasize that the istribution, 
a pile, of load transfer from pile to soil, is influenced by the Presence 


The real problem, for either a single pile or a group of piles, is to find the 
istribution, along the pile, of the load transfer from pile to ‘soil. The Te 
mainder i is comparatively ‘simple, as 3 long. as elasticity i is assumed. A stu udy 
such as Mr. Ruderman’s, even though an assumption as to this distribution i is 
_ made at the start, is useful because information can be obtained from it that — 
may be helpful in a more comprehensive attack on the problem. — Mr. Masters, 
Es has produced a set of formulas whose only connection with the prob- 


tem he has is thet conform in part with his 
les ae 


wage 


that certainly will be useful to the practicing foundation engineer. ‘ 
always worth while to inquire into the. relationshi)) between the pa 
Be | failure load (bearing power) of a group of friction piles and the actual load ok: 
Tequired to produce failure. ‘By re referring to experiences with friction piles of 
between failure loads of parallel sided and tapered piles, reported by Mr. 
Masters, can be e explained easily. In addition, the differences in the s solution 
proposed by Professor Mindlin? and the so-called Boussinesq formula can also 4 
=" the work that the writer has in mind numerous ‘reinforced concrete 
i piles wel were molded i in the soil (cast in place) by first sinking a casing, ae 
then setting steel bars, and finally pouring concrete. — The concrete was com- 
A pacted by compressed air, and the casings finally removed. . Such fr friction piles i 
_ were constructed in the dried bed of a former river, and along the banks of : “ee 
lengths varied from 40 ft to 50 ft, and the 


thnk 
to failure, at the electric power station of in northern 
x part of France, gave skin friction determinations of 350 to 420 Ib per sq ft. i 
aM In the vicinity of the Alps, piles were driven for the towers of a high- ‘tension 
3 line from Bissorte to Montmelian. _ Where this line crossed the River pas, se 
4 the skin friction was found to be only 320 lb per sq ft, the piles being 50 ft +e ae 
ong, and the soil a very fine material composed of i f inec, -ogruent elements (mud). ‘ee 
Some piles were tested by yy applying a horizontal pv pull. ata » point ti two thirds the 


of the tower . This cantilever pull 
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Test. 


PuLiine 


.—Loapine Serur ror 


on two piles, and tension on ‘two ro piles. -Dedueting the point loads it was found 


‘Similar tests with piles v varying in length from 8 ft to 12 ft, of which 6 ft to 8 it 
. was embedded in pebbles and stones up to 6 in. diameter, developed a tensile ai 
og _ resistance of from 60 to 65 tons. The compression of the concrete piles against iy 
the soil created some kind of a cementation of the soil. . Conditions at the 


an almost perfect sphere, with its center at the enlarged tip of the pile (see 
13). all ‘practical the simple theory of a tension cone was 


Kai isa reduction Lis the distance between the centers of 
_ the two piles; L is the length of the pile; ¢ is the angle of the aoen . ies 
and Dei is the diameter of the enlarged tip of the pile. 3 ee Le ¥ Mw 


Grande Couronne, near Romen, on the River Seine. These 
were 70 ft long, driven into a solid | chalk c stratum. The soil above the 


3 ) % chalk was a 25-ft to 30-ft stratum of fill and mud, , overlying a stratum of sand oP 


and pebbles 6 ft or 8 ft deep, with alternating layers of fine sand and clay, a ie 
i ft to 10 ft deep, to the level of the chalk. . Twelve 2 single piles were driven to a 
stand test load of 140 tons each (including the weight of the pile), and one 
group of nine piles, capped by a reinforced concrete slab, was tested at 1,350 
q tons. In all cases the load was applied by filling a box with iron pyrites. For — -* 
o thei individual piles, in addition, a hydraulic jack was applied, and the settle- 
ment of the head of the pile was registered by two flexometers (see Fig. 14). pes a: 
4 The load was increased gently, at regular intervals, by increments of 5 tons. = 
Precautions were taken so that th the Points of contact at the bottom of the ee 
2 loaded box were some distance from the piles, and the same , precautions w were 
a made i in fixing the support for the flexometers. 
In the case of the pile group, the box of the pyrites was centered on the 
reinforced concrete caps. . Aload was applied by adding a constant. quantity of Me 
oh pyrites to the box until the total of 1,350 tons had been reached. Inthiscase, 
4 five registering flexometers, 0 one at each tery and one at the center, were mn 


| was transmitted to ‘the soil from the pile, sore quite close to the surface, 
and extending down to the tips. This was interpreted to mean that, for 
ay was working. ‘The flexometer indicated an elastic contraction of the pile 
S which was much. less than could be expected under the assumption that the | 
x load, however great or small, was transmitted by the full length of the pile, 
-‘Tegardless of the distribution formula adopted. ef At Grande Couronne the tip 
of the 70-ft pile began to “work” only after the ‘superposed load had exceeded We 
60 tons. In any | foundation project involving the use e of piles, the test diagram 
g each 
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ms, Ped In the case of friction piles, an exact sateen. oft the distri 
resistance at points | adjacent to the entire depth | of the pile require loading 
ee _ diagrams with load increments increased slowly. Cylindrical piles, driven in 
almost homogeneous soils, have a constant load distribution, beginning at a 
certain depth below the surface. _ Diagrams of the tests, such as these, permit 
i. a the investigator to study the building up of stresses in the soil, as & pile | 


. loaded, , and thus to determine the interaction between the piles of a given 
group. _ Especially it is possible to appraise the final wensiwoeens under the | 


4 
“ily ow? 


4 


eds 


The contraction of the pile itself has neglected by Mr. 


Fig. 6, for example, showing shears for piles loaded to 10 tons, is ; not consistent. 
with actual facts. ‘Under only 10 tons per pile, no load would be transmitted — 
at the tip. + Eq. 2c was based on a positive value of the point load at the tip, 
greater than zero. There would be no load delivered by the tip for the piles in | 


oe Fig. 6 when the applied load is 10 tons or less. The same applies to the 60-ft 


bt Consider a friction pile i in 1 place, rere for its working er (see Fig. 15). 


* If. a load P; is applied, the upper length of the pile, Z;, shortens by an amount | 
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The inion Pom system represents the state of equilibrium bet 
work of the elastic deformation of the pile and the work of the elastic and — 
plastic deformation of the soil. The load distribution for this depth 
=) at 0 at the surface, goes quickly to a value of p: per square foot, and continues i 
ae this almost constant value to the low er end o of depth . ly, , when it decreases _ 


a ‘SOLOMON ON FRIOTION FOUNDATIONS 


oY 


> shortened to a total of A; + Au, aan to the new superposed Toad, oe 
Cn hydrodynamic stresses in the soil, likewise, including the water stresses ae 
within the voids of the soil, are reduced due to the escape of water, ina period _ 
f — varying from a few hours or days, so that the > equilibrium i is further disturbed 
= because of this condition. To reestablish ‘equilibrium for the new load, it is” 
necessary to add the work done by the soil surrounding the ome Lz of the 
pile. The final | settlement for the total load corresponds toa ‘shortening of 
: length La by As, plus : a supplementary shortening of Li by An, due to the a 
load distribution in length L;. The load distribution, through 
lh + Lz, is balanced according to the <9 law as that applying to Ly; that 
ae ‘ie it changes to a value greater than pr. This sequence continues for successive 
ikea ts of load increases, until P; = =P; bee mane use of the entire Te 


SS sisting power of the * pile to the tip, where 21; 


effect, ‘and only will the pile settle under its applied working 
a bw If a load, P,, traverses the pile for a depth, L., without encountering any 
Tesistance from the soil surrounding the pile in that distance, can be e called 
a free, or almost free, circulating led. This is the condition that occurs in 


case of inconsistent soil (mud, ete... = 


an should be borne in mind that the settlement of a pile head may be due, 
com, addition to the. shortening of the pile, to the consolidation of the soil about a 
bes the pile, as well as the settlement of the pile through the soil, after the applied © a 


has passed its critical value. The complexity of the load distribution 


iod depends upon the nature of the soil, and the rapidity with 
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= ‘which test loads are applied or released. By using greater loads, P;, a dyn 
a ae coefficient becomes involved, which, in turn, imposes a load distribution of i 


4 hd After the load has begun to exert it its influence | at the tip of the pile, the 
Bia Be load distribution is further readjusted, and then the pile continues to settle 
os the critical load is reached. If the load is transmitted to the pile bys a 

_ jack, the pile descends in jerks, with every stroke of the pump. 
Determination of the ve Elastic Contraction of a Pile.—Consider a pile of total 
length, L, divided into segments, , each transmitting a certain part of the exe 
-_ ternal load on the pile, to its adjacent soil segments, in accordance with a 
4 linear law (see Fig. 16). Let the external load equal P and the part trans- 
mitted to the soil through the length, Ly, equal P;. Let P, be the load at the 


ba the pile i is 


=: 


-(8 
where Dy and = the pile at the butt and tip, respectively. 
|The total contraction of the pile i is given by a summation of the contractions, s 


ei me “tip end of L;. ‘If the soil surrounding the pile has one characteristic, L; can 
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Forac lindrical wi with arall isi s, h t ta ntractionis 
Fora cyl parallel the to al cont actio nis 
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taken, for practical purposes, equal to 0; that is, when ¢ > 1. 


In Eq. 9, Po equals 0, Z; equals 0 for the butt end of and Z; equals L; for the 
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Int the case of a tapered pile, the total contraction is 
-> Pes )L 9 P; Re Li | (3 Di: log. Da 


1) L; Dis 


(Rey + +1) 


forn=1,atdD,=—, 
AG 


boo! ) + Bim) Re 


i solution of equations f for rep- TABLE 13. —Va.uzs 
recentative values of m is Presented in ‘gar 


Table 13, ‘For a given length, Z., the ~ 
load P, is a traversing or a free, circulat- =} 
1.000 | 0.6666 3333 


ing load, as stated and E100 


0.936 
0975 
1.016 


the ‘Elastic “Behavior of the Pile— 
‘The part of a test diagram, which i is usually snuiethed—ahe beginning of the 


‘test—is the most valuable for determining the load distribution in the he 
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toa pile. From the five tests presented i in T ‘Table 2, test (d) i is useless “7 


for this analysis because part of the readings are incorrect, the 5 pile not being 


q 
es Cee: plumb. Test (e) is also useless for this analysis because the first reading was 4 og 
taken at 80 tons. should be emphasized that the accuracy of bench- mark 


5 . — using g a standard construction level, is generally not sufficient to 
\- - ve determine the elastic behavior of a pile. This error may be as high as +0. 001 

ft. “Pile T20, in Table 2, affords a good illustration of te load distribution 

Ps? oe In analyzing Pile T20, the author has assumed that the load is transmitted 4 


4 


_ to the soil through the entire length of the pile, following a linear law. Let 


4 Ds = 17. 50 in., Dy = = 8.00 in., and m = 2.19; then by Eq. 13, the elastic 


= 1158 + 0.471 Re 8) 


= in stalk Sie = 1, 400,000 lb per sq in. (if E Eis greater, R, is smaller) ; As = 240. 5 
in., and Le = 85 ft. _ The values of R. computed from Eq. 16 for test readings 


= _ will transmit , the lead to the soil through the full length of the pile. For a ; 
load 25 tons, av value equal to 170. 0 indicates that the load trans- 
1 “TABLE 14.—Sorurions « or Ea. 16 To ft at the butt of the pile, and 
Derermine R, For Prue T20 6.89 Ib per f ft at the tip; under a 


“4 load of 25 tons, there is 


x 


pile head (ft) at the lower part of the pile, in- 

0.006" 417000 which "corresponds to an ulti- 
0.008 11.05 mate condition of rest. There- 
fore, high values of R., and even 


| 


20) 4 value R, = 8.55, for the case 
7 


— 


| 


0 
0 
0.0260 of E = 1,600,000, are 

0.030 ae sible, even as a first 
tion in the case of actual soil 
| conditions. On basis of 


* Final. ¢ Includes the buckling effect; that is, Table 14, and of "the interme- 

the settlement and deformation, if any, ca 
a. by the eccentricity of the load and the stiffness of the pile — diate reading given in Table 2, it 

ment, however, did not reach the tip of the pile and the can be | stated as a practical a A 


— matter that, for E = 1,400,000 


a 


— lb per sq in., the full length of 
ere: a to the soil until the load scliiien 70 tons; for EZ = 1,600,000 Ib per sq in., the } 
= full length of the pile does not act until P= 50 tons. = = 15 ae 
The settlement readings reported by Mr. Masters were stopped too soon 


after Readings should have been continued for a period equai to. 
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—that i is, 120 a Had this been done, the final eéttlaisent would } — been > ae 


oe 004 ft to 0.008 ft less, corresponding to a maximum elastic contraction of A ~ ae a 


Geen oe from (0.045 — 0.019 =) 0.026 to (0.045 — 0.015 =) 0.030, for a a: 

-— 100-ton load. It seems to the writer that a value of E = 1 600,000 Ib per sq 
in, corresponds more nearly to the actual elasticity “modulus, unless the residual 
settlement of mead was less than be. estimated 


4 


to a value of p; per square foot, which corresponds to a value of R, very much | \ a. 
less than Then it increases gradually to the lower part of the effective length 
of the pile, where the value of R.2 varies from about m to 2, and finally de- — 
f creases to zero. Static equilibrium is considered to be established, or nearly so. re +4 
_ Eq. 16 for this condition was solved by determining the working length, i > 
_ eerrenpending to the load P, the results being tabulated in Table 15. For this ie 


TABLE 15.—So.ution or Eq. 16, ror’ 


Modulus of | Effective 


0.399 | 0.003 0.774 
74 .408 | 0003 0 
‘54 0.408 | 0.00274 
414 | 0.006 

O44 pas! 0.0057 

0.427 | 

0.427 


6. 442 als 0.016 é 


4 1, 400, (0.464 0.019-0.023 


81 ft to 83 ft corresponds to the level of the sand stratum. Leis the a ap) effective length of 
_ pile distributing load P to the soil through friction. _ ¢Indicating a state of equilibrium. ¢ Comparing a i 
_ settlements for 15 and 25 tons it is evident that this value (0.0027 ft) should be even smaller. ares me 


toe 


analysis no information was available except the few reedags listed i in Table 2. = “ee 
“the range of possible R values. For ‘example, it was assumed that when 
_ loading tests were applied, the dynamic stresses due to driving the pile were : 
no longer present. _ Also, final equilibrium is assumed to have been attained | an 
after a few hours of practically no settlement. ofl 


z - To check the load distribution it is advisable to make an unloading test at 


. ¥ “ae of the pile coincides with the actual length. — This was done partly for pile T10. SF, <2 


q Be The settlement of the pile caps should be recorded carefully from the very “As 
beginning, and the applied load should be increased slowly, and at regular. 


begins with a zero distribution at the ground me or rapidly 


about 30% to 50% of the failure load of the pile, just before the effective = 4 — 


intervals. In Table 2(0), pile T18 indicates that the entire length of the pile ene 


f riction, under a ond of of 10 that the soil becomes: 
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denser 40 Pile T10, Table ible 2(a), indicates the following characteristics 
i For concrete piles the sateen can be determined at any point, although 
aay he 4 usually at midheight will be sufficient. For this purpose a steel pipe 1} to 2 in. ; 
2 a _ in diameter is embedded in the axial center of the pile to the depth at which © ; 
oa settlement is to be observed. A free, movable rod is inserted within the pipe r 
ie to the point of observation, and it is the top end of this rod that indicates the — 
settlement. ‘This suggests a very simple method for determining more exactly 
’ _ the load distribution in the soil during the progress of the test. More par- 
by: ticularly i is this true for piles driven in soils of complex and different coat Sa 


istics. . Only by this simple test can some of the problems in soil mechanics 


B47. Table 3, Groups of Piles.—Consider a , pile with a total length, ies The 


_ Under the s: same | load, P, the load distribution varies for piles o of ‘different ss * : 

total lengths. | | Ona project. dealing with timber friction ‘piles, the test speci- 

_ ~mens should be in lengths varying by 10 ft—40, 50, 60, 70 ft, ete. For concrete 4 Se 

cylindrical friction piles—that is, with parallel sides—it i is sufficient for speci- § Bee 

it mens to vs vary in 20-ft lengths—40, 60, 80 ft, etc. A qualitative description of i, 

the soil gained by studying borings, which indicates the depth of the —— : = 


a: elastic contraction due to an’ external load, P; is A; and in this case, R, is 
+ 


a x equal to Rea, which, as the load approaches the failure load, is ; proportional to 4 a 
m= Dy . Forag group of piles under the same circumstances, tests would | 
an elastic contraction, As, of ; the value of the external | 
load, Ps, remaining the same. This i is greater than A; and corresponds to 3 
much smaller value of Ra. In the foregoing Py i is the failure load for indi- | 
vidual piles, and P,, is the failure load per pile in the group. This relationship 
Bei Bos ’ indicates tha that i in group piles the load distribution i increases toward 1 the tip of q ie 
ost the p pile, as x as may be expected. _ Test T10 can be compared with tests T21 to .—hCcUux 


_ T29. The elastic contraction of the piles at the time of failure for the group 

ia na is only a little smaller than that for an individual pile at failure; but even 3 
Fi vael more important, if P; is small, and corresponds to Ly X L, then the tests wes 4 
3 that the eRe EIS in the group A: is from 50% to 200% larger than the ex- 


a In the two tests, Pes equals 96.5 tons, and P,y equals 55.3 tons. A com- 
of predicted and actual measured contraction is given in Table 16. 
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| the effective length, Ly w, is equal to the total. 
length, L, for ‘all loads beginning at 28 tons. pes tafe 
et. _ Table 4, ‘Skin Friction of I ndividual Piles. —The differences in the average — 
_ skin friction between concrete piles with parallel sides and tapered timber _ he 
a piles is less than revesled by 
Table 4. By adding the weight TABLE ‘16. —COoMPARISON OF PREDICTEI 
_ of the concrete piles (28 kips to AND MEASURED ) CONTRACTIONS = 
«63 kips) the average skin meet © |_ 
of the: latter increases sto Cowrraction 4: (rr) 


of failure is 853 Ib per sq ft (tests 
in which the pile was not of 170% ct mare. of 
from this average). The point resistance of timber piles and of concrete piles 
_ with larger tip surface was neglected. The difference between 645 and 853 cor- 


to the effect of wedging action on the tapered piles. The 


crease of the critical load compared to that of concrete piles. rs 
is Friction Pile Theory. .—The author’ s interpretation of | test results i is some- 
‘This entire problem i is concerned with the distribution 


of the stresses in the soil as produced by a variably located point load in the Rear 


As early as 1848 Lord Kelvin® | offered a solution of the stresses du due to ‘ 
point load in an indefinitely extended solid. Later Boussinesq gave his 
well-known solution of stresses in a semi-infinite body due to forces in the ‘ 
recently, i in 1936, Mindlin, using the Galerkin: offered 
a solution for the distribution of stresses in a semi-infinite body, with a 
at any place i the body? The latter solution was the e connection be- 
een Lord Kelvin’s and Boussinesq’s 8 s problems. - Each of these three theories i 


_ is rigorously valid only for the theoretical, elastic and isotropic bodies i i 


AS Froehlich still adheres to the validity of the linear law. 


Cambridge and Dublin Mathematical Journal, Vol. 3, 2¢ , 1848, 88. 
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and stresses). It has been found that the Boussinesq theoretical distribution — 

Of stresses does not check for all soils by any means, and especially for 
4 __hesionless, or nearly cohesionless, bodies. In 1933 Froehlich introduced 
cient (which he calls a concentration factor) varying from 3 to 6. In 

a a Poisson ratio of 0.5. = 
8 the name indicates, the coefiicient helps take into consideration the 

mE a that the modulus of elasticity of certain soils, at various depths, is not oe a bE 
sconstant. It also helps to concentra stresses more around the point loads, 

orresponding to the differen hatween the othe al bodies in the 
| 
a 


SOLOMON ON PILE FOUNDATIONS 
elon anes Boussinesq, and Mindlin et stress distribution, and the re: real soil. 
s Consider a point at O in the soil, and a pile driven not far from it (see Fig. 17). 
It is clear that the influence of the upper part of the pile, not far from the ground . 
surface, would follow theoretically the Boussinesq law. distances farther 


Kk 


Ai Shear at O; Approximately rogaal.d 
at tO: 25 K+2128 K+ 125 Kx3 23 Kx3) wt 


| if, le 


Mindlin Values Approximately 25% LargerforRe=1 


Be Lord Kelvin’s theory. 4 Since the Kelvin distribution has an effect about half 

ar as great as the Boussinesq distribution in the horizontal plane containing — 

hg point O, it is clear that by using a coefficient, Rm, the stress value at the point a 

a can be determined with as good a an approximation as may be desired. For 


- example, if it is assumed that the pile distributes the load to the soil at a con- a . 


4 stant rate per linear foot, and if the Boussinesq formula i is applied to the calcu- 
lation of the stresses, giving each elementary load a a coefficient dictated by 
Be certain rule, then by integration, the stresses can be approximated as accurately — 
as may be desired to the actual stresses. This is true, even if the influence of ; 
the point loads below the plane of point Ois neglected. “it the load distribution — 
is not constant, a variable coefficient, R,,, and a load distribution, R., can be 4 
is to be interpreted as corresponding to the « coefficient, ‘Re of | the 
Pe ce discussion, and not as a load distribution along the depth of the piles. piek 3 a 
4 ha Consequently, if point O is selected at the midheight horizontal plane of the 
piles, a value of Ru can be obtained which will yield the stresses in that plane. — 
Another value of would give stresses at another point O at a different depth. 
_ This is why the Mindlin stress distribution yields tensile stresses independent of rs 
cohesion factor of the soil, and also why the stresses computed — 


‘future it may to take these two factors into consideration by 
2 -tateodasing the cohesion coefficient and the internal friction angle of the soil. 


- introduced. _ It is in this sense that the coefficient, R., used by Mr. Masters, 3 
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oa from the actual R., which i is the ratio of the load delivered per linear foot of 4 
“5 pile at the top of the pile to the load delivered per linear foot at the bottom of _ 
re the pile. When this has been done, vertical shears at midheight of friction # 
- piles (corresponding to an average of vertical shears for the full length of piles) — 
es ar safe loads m may be. computed i in practice | as indicated i in the paper. p alas doy 


paseutuaiien of the interaction of piles in a group can also ‘be used by con- R: 
"sidering the vertical shears as inversely proportional to the center- -to-center 
distances between the piles, in which case the ¢ error ‘would not exceed 3%. In te edit 


can be obtained by a assuming that the isifluence of a distant: pile A, on pile Ay 


Ai An, = radius of pile A; at midheight. This is ‘multiplied 
eo the sine of the angle of the line of action. The foregoing proportion is obtained aes 
yA from Eq. 2c by neglecting the term with the coefficient R, — 1; and letting Zz eS 
In Eq. 18, R, from the first part of Eq. . 2¢ disappears, a as was to be expected ae: 
for Z equals a linear load distribution. By, using ‘Eq. 18 instead of = 


the error is less than 1%, a for the engineer is more conveni-— 


ent. _ The vertical pressure beneath the group of piles can be computed as — 
"indicated i in the paper. In this case again, can for the 


This gives a very good (Rm Eq. 19 
th In conclusion, it may be stated that by using a coefficient R,», a better 
- approximation of the stress distribution around the pile corresponding to the __ 
_ true distribution in the soil can be obtained. A better insight into the true x {am 
a. behavior of soil under the forces exerted by a friction pile can be obtained ee 
only by actual tests. The theoretical approach: of the load distribution for 
3 friction pile, as developed in this discussion, was completed by the writer during 4 ra ah 


the tests of | Grande Couronne in 1935. Then was found = 


of different points alongside the pile, could the real distribution 
the load be be obtained, and some other problems of the s¢ soil n mechanics 


__ This will be a difficult task, however. _ With the foregoing explanation in mind, 
| 
| 
a 
TS 
— 
ag 
— 
mm 
: 
4 
2 
ot 
ii 
of 
rs, 
he 
— 
th. 
ag — 
the is 
by — 
oll. — 


CUMMINGS ON FRICTION PILE FOUNDATIONS 


Cummines, M. AM. ‘Soc. C. E.—The question of ‘the ‘relative 
carrying capacities of piles and pile groups has been a controversial 
subject among foundation engineers for many years. The experiments de- 


* serthed & in \ this paper might have served to add materially to the available — 


as was devoted to the development of an unsound mathematical theory and 4 
_ too little effort to the development of a carefully thought out test program that a 


; 


include field of of the that: are dsaportent in 


an 


which the derivation is based. Whenever these equations a are to an 
actual problem, it is necessary to keep these basic assumptions i in mind and to — 
he problem do not conflict with the assump- 4 
tions under which the equations wee be 
“ag 3A _ For example, one of Boussinesq’s fundamental assumptions i is that the load he 
vee applied at the plane boundary of thes semi-infinite, elastic, isotropic, , solid and ; 
re _ not at some point below the surface of the solid. The author has used the 
a 4 a) Boussinesq equations for loads that are applied below the surface of the ground — 
although it has already been explained by Raymond D. Mindlin, 17 Assoc. M. 
Am. Soe. C. E., why the Boussinesq equations cannot be used in this manner 
to determine the: ‘distribution stresses around a pile. Furthermore, 


fundamental assumptions sof the mathematics! theory of elasticity on 
Boussinesq eavations are based. In particular, the paper ‘says ‘nothing 
about strains or -placements, although these are just as important as the q 
stresses in problems of this kind. Also, the author's extension of his analysis 
—_ the single pile to the pile group presupposes the validity of the principle a 
_ of superposition. It is of considerable interest to examine the author’s proposed — 
i, theoretical solution from the standpoint of displacements and the principle of a : 
As is well known, the entire mathematical theory of elasticity i is based 
8 law concerning the proportionality of stress and strain. Whenever 
. a. force is applied to an elastic body, some kind of displacement occurs as & result 
&g that force. The problem under consideration is no exception to this rule 
- and the stresses determined by the author would necessarily be accompanied om 
by displacements in the soil surrounding the pile. Since the | author has 


sumed the soil to be incompressible (Poisson's 1 ratio = 0.5), the horizontal 


ss se ‘tangential stress vanishes everywhere and the two normal stresses given by 
_ Eqs. 1a and 16 will determine the horizontal radial eee we means of — 
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in which u is the radial displacement, and E is Young’ s modulus of of the soil. es 
Yr. The vertical displacements, w, may be obtained in a similar manner from the 


HH 


Ss ‘tes Fig g. 18 represents any | meridional plane i in the soil through the vertical 


axis of the pile A. The solid lines represent an imaginary rectangular | network : 
existing i in the , ground after the pile is driven and before any load is applied to i 
the pile head. When the load, P, is placed on pile A, stresses are set up in the wie 
around the pile, and these stresses are accompanied necessarily by certain 
vertical and radial displacements in the soil. The dotted lines in Fig. 18 are y ee 
qualitative representation of the distortions that would occur in the rec-_ 
7 tangular network due to the ' displacements determined by the author’ 8 theo 
retical stresses. The actual amounts of the displacements would: depend on - 
. magnitude of the load, P, and on the numerical value of Young’s modulus, __ 
a E, of the soil. All points on the ground surface would be displaced vertically a 


downward and there would be no radial displacements ‘at the ground surface 


because of the assumption of incompressibility (Poisson’s ratio = 0.5). For — 
g example, a soil particle originally at a would move to b. _ Within the soil, all 
wf vertical cylindrical surfaces concentric with the vertical axis of the pile would aaa 
be bulged radially outward and all horizontal planes would be bent downward. _ 
A soil particle originally at point would move to point. d. 
4 This system of displacements is a necessary ‘consequence of the author’s 
stress system. _ If the stresses in the soil were those determined by the author, 
the displacements would have to be of the type shown in Fig. 18. It is con- 
% ceivable that such a system of stresses and displacements could exist in the soil 


in the vieinity a Pile the soil around the pile were sub- 
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jected to restraints that would affect ot the displacement pattern, these restraints 


would also. affect the s stress pattern. __ This follows i inevitably from the fact that 


‘strain relationships. Boussinesq’s 8 stress equations were derived with the aid 
oan 3 the basic differential equations which relate the stresses to the space e deriva- 
_ tives of the displacements. _ Accordingly, the Boussinesq stress pattern can ; 


x rounded by a a group of eee piles such as B, C, and D. ” The elastic properties BS 
— the piles will, certainly be quite different from those of the surrounding soil — 
regardless of whether the piles are made of wood, concrete, or steel. In effect, 
the piles will act as vertical reinforcement in the soil. They will distort the x 
=a displacement pattern which is determined by the author's stress equations and 
this i in turn will change the stresses themselves. _ Accordingly, it is not to be ? 
expected that the stress distribution around a single pile can be extended to a 
pil group by simple superposition as is done by the author in his theoretical © 
2 Furthermore, it Should be noted that the the combination of soil and 
va piles within the pile group is by no: means the isotropic material postulated we: 
Boussinesq in his analysis. The presence of the piles produces a compound ~ 


Bs consisting © of hard | spots (piles) embedded in a matrix o of much softer | 


of superposition is sometimes used to determine the stress 


¥, 


= distribution in foundation pro oblems. For example, a large mat foundation is x 3 
a o often divided into small segments and the stress distribution for each segment 


aN is computed as if the segment were & point load. 18 The > stresses produced by 
* each . segment are then : added by simple superposition t to obtain the stress dis- ; 
pe pe tribution for the entire mat. This application of the principle of superposition 
> a — a mat foundation i is ‘something quite different from the application of that 
- prineiple to a pile group. In the case of the pile gr group, each additional pile 
a affects the elastic srenestion of the underground. Even though the soil around | es 
q a Pu a single pile might be considered as having the properties of an elastic isotropic 
‘material, the introduction of additional piles destroys the isotropic properties: 


—_ 


method of applying t the principle of superposition to a pile group is an 

= _ Another factor in this problem to which the author has paid no’ attention | 
a is the contraction of the pile itself. After the pile is in place in the ground and s & 
before any load has been applied to the pile head, there is no shearing stress in 
the soil such as that given by Eq. 2c . When a load is applied to the pile head, 

there i is a downward movement of the upper end of the pile due to the elastic 

y ae _ shortening of the pile. As the pile starts to move with respect to the surround- 

Be, i 4 ing soil, the movement mobilizes the s shearing resistance of the soil. Since the 

ss movement begins at the top of the pile, the mobilization of shearing resistance 

Sg in the soil also begins at the top of the pile near the ground surface. When a 
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ON FRICTION PILE 


eter in the soil around the upper part of the Pile. The load produces no cs 


stress in the lower part of the pile and consequently no elastic contraction 


— mobilization of shearing resistance in the soil surrounding the lower part 
: of the pile. As the load i is increased the. stress in the pile approaches the = 


calculation. Actually the value of would be very much, greater than 1 5 for 


= fact that it is also a function of the elastic properties of the pile as well as _ 
&g Ce function of the load that is applied to the pile head. © If the pile were per- 
~‘feetly: rigid so that no elastic shortening of the pile would occur under : any load, 
7. might be possible to have R, = 1.5 for all loads and to have a shear-stress" ’ 
- datrbution similar to that shown around the single pile in Fig. 6. Since Ug 


- actual piles are. elastic and will therefore shorten under compressive stresses, 


iz 


‘ on the co vig of the applied load as well as on the three factors prorat by 
; __ The usual procedure in in ‘the case of a ue load tes test i is 8 to place the load on i 


ing of the pile from such mensareunsnite because nothing is known about the 
_ movement of the pile point. Neither can such measurements furnish any in- ; 
formation as to the manner in which the pile transfers the load to the surround- 

of) ing soil. On the other hand, if the actual elastic shortening of the pile were 

- determined by suitable measurements, it would be possible to determine from 

* these measurements approximately how the pile was transferring its load to the’ es 


Te 


For example, it isa simple matter to compute what the elastic shortening : a 
of the pile would b be if it were a free- standing strut with no > part of the load sup- is Ae 


ported by friction on the sides of the strut. « - When any part of the load is 
pees by friction along the sides of the ple, the e elastic 1 shortening i is is always 4 
f less then it would be for the same pile c carrying the same load as a free-standing pe 
_ When all of the load i is carried by side friction as in the author’s prob- 
a lem, iti is possible to compute the elastic shortening of the pile for any assumed aa 
as - distribution of friction along the sides of the pile. This can be done even if the Bs 


iriotion distribution is to discontinuous due to soil ‘stratification, 


t 
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if the elastic of the pile is carefully measured in the field, 


is possible to deduce the friction distribution from the field measurements. 
of this kind have been made in The Netherlands by C. Franx,'* 
Cc. and others. s. The tested i in The N etherlands were 4 


Suh 


—_ 


ar Bes pile i in such a manner that it was 8 possible to measure the deflection of 
the pile head and also the movements of the 1-in. rod which gave the deflections 
: o the pile point. | The difference between the two readings for any given load 


= the elastic shortening of the pile at that load. In Fig. 19, curvesa 
b are reproductions of a pair of load-settlement curves measured by 

2 Z Boonstra. The solid line shows the settlement of the pile head and the broken tae I 
that of the pile point. The specimen was a reinforced p pre-cast concrete 

a = 5 pile of octagonal cross section, 16 in. in diameter and 70 ft long. It wasdriven — Ak, t 
: SS 50 ft of soft clay and peat, 15 ft of fine sand, and then into sand and» . 
gravel for a a depth of about 6 ft. ‘The « condition was similar to that of ‘pile 


of the author’s tests. bre 
ce . Ase can be seen from Fig. 19, there was practically no movement | of the pile : 
° an ose point until the load amounted to 15 or 20 tons although the head of the pile 
began to move as soon as the loading was started. The vertical distances 


. Bove the two curves, & and b, represent the elastic shortening of 1 the pile, ae 
a but in order to show this relationship more clearly, curve c, Fig. 19, was plotted z a 
with loads as abscissas and elastic shortening as ordinates. It is easily seen es pa 
ir from this figure that the BT between load and elastic shortening is is not ie 


oy diroashout the « entire load range “R = constant), and if the pile material were 
perfectly elastic, curve ¢, Fig. 19, would be a straight line. As to the elastic 


curved but thee would concave toward the strain axis, whereas most 
om Fig. 19, is concave toward the, stress axis. Accordingly, the only 


_ fer from pile to soil varies throughout the load range. In other words, R. is not . 
4 a constant. _ As the load is increased, the transfer of load from pile to soil dis- 
tributes itself in various ways depending on the elastic properties of ‘the 
ee a pile and the soil and on the amount of the load. The sudden break in curve cat. 

= about 150 tons indicates that the upper part of the pile probably broke loose 


ee from the s surrounding soil. entirely so that practically all of the applied load was ; 
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e a _ resisted by the lower end of the pile which was in the sand and gravel. = 
A ait Consideration of of this. type of test data Taises a serious question as t to the ‘ 
ee validity of the figures presented i in Table 8. ‘ All of the pile loads given in this 4 eS 
*. table are computed with R, = 1.5 on the assumption that the distribution of — ee 
an ae _ load transfer from pile to soil is constant over a wide range of loads and pile 5 i 
Beit 1* “Proefbelasting van Heipalen te Rotterdam,” by C. ranx, Polytechnisch Weekblad, 1934, ‘Nos. 23, 
$@“"Benige Beschouwingen over den Puntweerstand van Palen,” by G. C. Boonstra, De Ingenieur, 
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‘CUMMINGS ON FRICTION ‘PILE FOUNDATIONS 

“lengths. ‘The author’ s computs 

to which - numerical values can be etree for. the purpose of computing pile 
loads. Actually, the situation is just the reverse. The amount of the load 
_ influences the manner in which the pile transfers load to the soil so that the 

This aspect of the problem is something that could easily have been in- 

vestigated in the Morganza tests. It would have been possible to set three or 


four rods in a hollow concrete pile, such as pile C9, so that settlement observa-— 


pile. If the strains in n the 3) a 
pile itself had been mea- 
sured, it would be possible — ate 
to determine how the pile 
is transferring load to 
the soil at each load in- 
rement. 
Because he has com- 
pletely neglected theentire 
question of strainsanddis- 
placements, the author has eth 
developed a m mathematical bo 
analysis that is theoretic- 
ally unsound and ¢ of 
practical value. 
a analysis is based on the Hd 
mathematical theory of 
elasticity but nowhere in in 
the paper is there 
| mention of the elastic pro 
perties of the piles them- 
selves. The author has 
4 treated the piles as though ws 


ters 


ime 


lasti c in will 


— 


oly 
they did not exist except as 


imaginary vertical line, 1 
loads in the soil. Unfort- LoadinTos 
—unately, this method has 


ed distribution which, in the writer’ s opinion, must also be classified as imaginary. ( 


‘that ‘each pile Ay the be of ple gro to the load a as s all ‘of 
others. He has tested. this same assumption i in connection with the groups that 
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‘ an factor i behavior. The author has referred to this 
— subject in his conclusions by remarking that the piles under the « outer edges of 
g = a stiff pier base would be subjected to greater loads than those under the center. _ 
om _ This remark is perfectly true but the question arises as to what was happening 
in this respect during the Morganza group tests. 
i et Fig. 2(c) shows the load arrangement that was used for the 16-pile group. 
73 If each pile in the group were st subjected to the | same load, the center piles could 
- be expected to settle the must, the edge piles would settle somewhat less, and 


the corner piles would settle least of all. _The photograph indicates | that 


% _ manner that would conform with the settlements that would be produced by 
ae sy equal pile loads. Instead, the rigidity of the test apparatus would require 
oz e equal settlement of the pile heads and this in turn would affect the distribution 


a of load to the piles. A perfectly rigid structure would put the greatest = 


on the corner piles and the least load on the center piles. 8 8 8 82 
‘i es pa This i is another aspect of the problem that could have been investigated in 
Ase Bi _ the Morganza group tests. Fig. 2 indicates that the pile heads were several 
feet above the ground surface and it would have been possible make strain- 
ah gage measurements at the upper | ends of the piles to determine how much load 
= ae each pile was carrying. There is no justification for the assumption that all of eS 
; 5 the piles in a group were carrying equal | loads since no effort w was made to pro- i 
duce this condition. To insure equal loads on all piles i in a group it would 
os ee necessary to support the test load independently of the pile group and then to € 
‘ io load all of the piles simultaneously with individual hydraulic jacks reacting Bt 
a against the under side of the load platform. It should be kept in mind that the =; 
i _ distribution of Pressure 1 in the contact plane between any two solid bodies will — a 
a depend on the relative elastic properties. ‘of the two bodies. applies to” 
loaded pile groups as well as to loaded masses of earth or other materials. _ ce 
__ Furthermore, it should be noted that this phenomenon could explain ‘the 
behavior of the Morgansa | pile groups without reference to the author's ‘theory 
4q ‘ ' ik of stress distribution. The practically rigid structures built on top of the pile 
groups could have had effect of overloading the corner and edge piles 


gs ey that the g groups wi would have failed by leaning: toward a corner or side as described 
: = s the author. No theory of pile group behavior can be considered as being a 


4 
Bi 7 =. complete or even approximately correct unless this phase of the problem is 
demonstrate the accuracy of his theory, the : author has Table 5, 


4 which indicates a Temarkably close agreement between theoretical and actual 


q 


failure loads. How ever, the writer finds it difficult to follow the line of reason- 
ing used by the author in his selection of shear values on which the comparisons 
_ o, ace are based. An average value is used for four of the group tests, and the other 


to Fig. 1, these two profiles represent cross sections of the floodway 4 
or 5 miles wide. _ The profiles themselves are some miles 3 apart : along the length: : 
of the floodway. single piles, as well as the pile groups, are therefore 


a over distances that s are measured in miles, and the first question * ; 


— 


three: are compared with values determined for certain individual piles. Re- 
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is of considerable interest to examine Table 5 with these ideas in mind. 
To check the T2-T9 group, the author used pile T1 which was 130 ft from the ’ : Pe 
group. However, pile T10 was only 294 ft from the group. ,_ Accordingly, if a ; 
the proper way to handle this problem is by means of averages, , it would seem nn tng 
reasonable to average T1 and T10 in order to check this group. Such a pro- 
cedure would not check the theory so closely because the average friction 
developed by T1 and T10 was 792 lb per sq ft, whereas the author used 685 Ib eo ; 
" per sq ft from Tl alone. On the other hand, if the proper way to handle this : ae 
a problem is by comparing each group with the nearest single pile, groups 2 ; 
+Ti-T19, T21-T29 and T37—T52 should be compared with T20 alone and not 


ee _ with an average that includes piles that are miles away from these groups. The San mst 

{vs distance from group T11—T19 to group T21—T29 is 1,958 ft and the third group hg: 

ee as well | as pile T20 are between the two. However, a comparison of these , a “| 

groups with pile T20 would not check the theory so well because pile T20 
developed a friction value of only 680 lb per sq ft, whereas the author bencarsvil =e 

groups by using the general average value of 778 lb per ft. 
The data given in Table 5 indicate that the tests provided : an 

check of the author's theory - The agreement between theoretical and actual 


) ‘loads i is really too perfect in view of the fact that the theory is unsound from com 


ial point of view of both mathematics and theoretical mechanics. In the 

writer's 8 opinion, the author's theory is analogous to the old Ptolemaic t theory 
a geocentric solar system. For 1,400 years the Ptolemaic system was 

cepted generally because it appeared to be able to account for the motions of 

planets. After Galileo invented the astronomical telescope, astronomers 

ta were able to stop speculating and start measuring. _ ‘The very first measure- a ae 
ments caused the abandonment of Ptolemy’ 8 geocentric system in favor of the 

modern heliocentric system. f act that Galileo got into trouble for measur 
ing things and ‘upsetting | an ancient theory should not discourage modern 

a engineers from making all the measurements that can possibly be made in : | 


given experiment. A theory b based on insufficient data can appear t to » be prac- — 


tically p perfect an ond. yet be. completely wrong. 
a e writer joins the author in the ope that engineers interes in pile 
The writ he auth he hope th ted in pile 


ae foundations will continue to make tests to determine how such f foundations — aay ; 


Pa _ behave under load. However, the writer considers it necessary to supplement = 
that hope with several suggestions. To develop an adequate theory for the 
ease behavior of a single friction pile, it will be necessary to determine, by means of ers 

Be suitable field measurements, how the pile transfers its load to the surrounding = eat’ a 
. soil. In order to develop : an 1 adequate theory for the behavior | of a group Rees 
friction piles, field measurements must be made t to determine the distribution 


= 
__ of load to the pile heads in addition to the measurements that are required to isa sy 


- determine the distribution of load transfer from pile to soil. Field measure- a 3 5 
ments that include only a record of the settlement and rebound of the pile head _ fs 4 


are inadequate for the development of a theory of friction pile behavior. 
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MASTERS ON PILE FOUNDATIONS 


Frank M. Masters,” M. shi Soc. C. E- —It to 
‘Present, in this paper, test data which seemed to demonstrate some facts about _ 
group action in timber friction piles that previously had been largely a matter 
So of conjecture. The tentative theory for the calculation of failure loads of 
a groups proposed in the paper appeared to check the test results and therefore 
_ seemed to have some merit. a Such a theory can be of value only if it meets all 
conditions and if it is improved by criticism. The writer, therefore, sincerely 
appreciates the resulting comment and criticism. pig 
Mr. Connor offers a number of practical suggestions on pile ‘spacing that 


ae are too often neglected by the designer. - He also. gives data | on heavy loads x 


: groups of piles on 
an the basis of comparative perimeter areas of soil. around the groups. This 
Sap _method evidently gives a close approximation as between groups; but it is not 
possible to use this method to compare single piles_with groups. 
i Ss _ Mr. Woodruff raises several points of interest. The writer s agrees that 
. all predictions of pile strength using this theory will not have the accuracy q 
agreement between theory a and tests | apparently indicated in Table 5; nor 
does it seem that such accuracy is altogether necessary in the | . design of pile : 
aa a foundations. _ Further, it is quite possible, as Mr. Woodruff suggests, that soil 
i 3 “ment somewhat; but it does not seem likely that such a 1 long- time consolidation 
ee should affect the shear strength of the soil adversely and lead to pile failure. 


iid 


way structures over a ‘period of time. It is to be noted in connection ene 

et a 7 _ long-time loadings that one of the pile a, on the N. O. T. & M. Crossing, 
ey = _ group T21-T29, was loaded over a period of 243 days with a constant load ¥: 


“ - 20. .3 tons per pile w without apparent additional settlement after th the e first day. 
ie ane Mr Feld suggests that a tapered timber pile actually may carry with it, 4 


ie failing, a complete cylinder of soil having a diameter equal to the butt ig 


diameter of the timber pile. He points out that under this assumption the 


ae shearing value of the soil at failure would be 600 Ib ‘per sq ft and would b 


. ‘more nearly in correspondence with the value of 558 lb per sq ft indicated in a y 
‘Table 4 for parallel-sided concrete piles. He also describes an 
rule for determining group strengths by subtracting | progressive one sixteenths 
< a = from the value of all piles after the first, as every new pile is added to the group. ot 

Ros This apparently gives satisfactory results for the examples cited, but does not — a 


ey K baie account 0 of pile spacing in relation to length or diameter, which the writer a j 


believes has an important bearing on the strength of piles in a group. 
; Ae _ Mr. Greulich states that the law of averages probably contributed to the 


| sgreement be between theory and tests as recorded in Table 5, and with this the a 
writer agrees. s. Mr. Greulich cites an ‘interesting example of group action in 


i a piles under the large foundations of pivot piers of swing bridges, where an a 
a earlier designer found her must rest restrict working | loads | to as low as 7} to 8 tons — 


i> "Cons. Engr. (Modjeski & Masters), Harrisburg, Pa. 
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Mr. Pannen gives a graphic comparison of pressures beneath pile founda- 
if tions as compared with pressures beneath spread foundations, showing the 
7 considerably greater pressure under the spread foundation, and giving em- 
- a 2 we as well to the fact that this greater pressure is at a point near ‘the surface y: 


: be inferred that, because the writer used the ‘Boussinesq s hea accepts 
the concept of elasticity in soils. The Boussinesq solution was used because Bi: 
be appeared to fit satisfactorily the results of tests to failure better por nc 
es - any other formula. Nowhere in the writer's paper was there any mention of — 
the word “elasticity”; this was a deliberate omission because it is not believed — 
ran i that soils are perfectly elastic. This is especially true in connection with the _ 
age tests given in the paper which were carried to failure, well beyond any possible — 
4 range of elasticity inthe soil, 
Professor Mindlin states that it is not possible to compute a curve of Mind 
— lin distribution for a uniform load per linear foot from the data given in Table 3 
10. The method used in the preparation of Fig. 11 was as follows: Part (a) of _ cy 
- Table 10 gives the pressures at various radii from the pile for various depths. — 
oy ‘These data permit a computation of the total vertical force on a circle of 0. 1 "es 
radius, 0.2 radius, 0.3 radius, 0.5 radius, etc., at “such depths. ‘For a pile 
* transmitting a uniform load per linear foot to the soil, the total load distributed a 
fem the top to 0. 25 L depth i is P, and to 0. 50 L depth i is 4 P. from 
4 
Ee . pres of various radii already cited, the difference in each case is the total shear 
carried by the cylindrical surface of the cylinder of earth from the top of pile to — of 
ak the depth 0.25 L or 0.50 L. . For each radius a curve of total shear n ‘may be — 
drawn, starting from 0 at the top to a calculated value at 0.25 L, to a larger - 
calculated value at 0.50 LZ. The slope of this curve at any point is the shear _ 
transmitted by a circumferential band one unit high. 7 ‘If this slope is divided 
it will give the shearing intensity per square unit. The curve 
Mindlin distribution in Fig. 11 was based on the slope of the various curves 


at midheight of the pile. és Any error: Gat as a result of 


greaps. . -Of course, there are re many unusual stresses ‘created between piles in a 


x group due both to the existence of the other piles and to soil stresses created 


during driving. | Nevertheless, there seems to be no reasonable way of “si 


ion the pile of the load transfer from pile to soil. There are certain 
practical ways of arriving at this solution. When a timber pile is started in the 
ground and the hammer is placed upon it, it will often settle into the soil a 4 
Rie _ distance of several feet. In the case of the Morganza piles, this distance of 
into the soil under the weight hammer was such as to 
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indin states that & solution oF the equations oF elastict 
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suggest that the shearing strength of the soil near the surface was reasonably 
Rey F 4 close to the average shearing strength at failure of the pile. As was emphasized | 
4 % in t the paper, when some allowance is made for the comparatively larger di- 
Bes ameter of the butt as s compared with the tip of ‘a pile, an and when there is reason 


for the belief that the shearing strength of increases slightly with it 


a cidentally, such practical data as these, during driving may 
= a often give a clue as to the variations in material from ground to tip of pile. — 
In a recent study undertaken in the writer's office, dealing with a pile foundation 
3 a 2? a another locality, it was discovered that this sinking of the pile under 2 


a or aE weight of a 9,700-lb hammer amounted to 15 ft, indicating a shearing strength 
2 Bia of soil at the surface of the ground of only 400 lb per sq ft, whereas the entire 
ie =) ae pile failed under an average skin friction of 975 lb per sq ft. - This indicated a 2 
considerable variation in strength of material and suggeated a method of ar- 
riving at a value of R, for the pile group in question. = = 
. ei Mr. Solomon demonstrates mathematically the effect of the elasticity of ot 
a yw the p pile ‘upon R, an and | proves that for small pile loads the pile tip actually may 
4 deliver no load to the soil. Since the shearing stresses computed in the paper — 
i were primarily r related to failure loads on on the piles, the value of R. used must 
q be considered as applying particularly to : such failure loads. Mr. ‘Solomon 
Be. a suggests that some of the difference in skin friction value between concrete and $ 
a _ timber piles may be due to the effect of weight of the concrete piles as compared ed , 
with the weight of timber piles. All of the larger concrete piles w were hollow 
a : = ats and had a weight no greater than the weight of the earth which they displaced. a 


ey * If a cylinder of earth is visualized as standing in soil, there will be no vertical — 
= shear along its vertical surfaces except that created by an applied load on top 

oe /* the cylinder. For that reason, the weights of the piles themselves were % 
| 
a uniformly and properly neglected in computing skin frictions under loads. __ 


Re ‘Mr. Cummings declares that the Boussinesq solution is not applicable to 
piles in an elastic soil, and shows that a combination of piles and soil is not 
isotropic. He restates the effect of contraction of the pile upon the distribution | 
_ of load to the soil, and questions the equality of loads on the various piles of af 


group in the Morganza tests. Mr. evidently feels that not enough 


sre 


af strength, he knows of no previous tests of the scope of the Morganza tests to 

establish by measurement what this grouping effect is at failure. . The writer 

also wishes to restate a fact which appeared i in the | paper—that these tests were 

originally intended to satisfy the requirements of current specifications, and 
—~ certain f failures of small groups suggested that the tests be extended to 
Sh larger groups. The writer is indebted to the Corps. of Engineers, U.S. Army, for 
ht cooperation i in making possible these supplementary failure tests on large 
ae ; 1 groups. The theory was then developed, using that method of distribution 
which would check the tests to failure onl, by such a p practical check, the 3 
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—— experimental standard established by Galileo. In that connection, although 
: 


- Mr. Cummings also objects to the use of average value of shear str ength — ae 
over the several crossings in cases where single pile tests were not close at hand. : an 
This was done because it ‘seemed the most reasonable ‘approach, since 


ss had not been available to make a single pile test ‘close to each group test. 


made a failure test on a single 50-ft pile adjacent to 

‘16-pile group, T37— T52, and obtained a failure shear value of 735 Ib per sq ft 

at this location. ‘The 16-pile group ‘used 60-ft piles, which might be expected, 

%. due to their increased depth, to develop somewhere between this value of 735 
and the average value of 778 lb per sq f ft used i in the study. Oi fh ca 

In conclusion, the writer hopes that opportunity may arise to study the q 

effect of grouping by all of the methods proposed, both in the discussions and ~ 


to actual load tests in the field. 
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ALLOCATION | OF THE TENNESSEE VALLEY 


By THEODORE B. PARKER," M. Am. Soc. C. E. 


ab atest ot 


Wire BY Massns. Exurort, E. L. CHANDLER, 


applicable to the of costs of a 
ei purpose water control project, and the procedure followed by the Tennessee 
fe hi Valley Authority in allocating the cost of its first three dams to navigation, 
Good control, and power, are presented in this paper. It is shown that a large 
difference i in the allocation of | the common ¢ costs ofa project affects toa much 
bess degree the proportions of the total cost charged to the individual pur- 
poses. Consequently, the final allocations are approximately correct, within 
‘reasonable ble limite, of the exact method adopted. 


iy REQUIREMENTS OF THE Acr 
a The allocation problem of the Tennessee V alley (TVA) was 
necessitated by § Sections 9a and 14 (see Reference 1 in the | Appendix) of the 
‘Tennessee Valley Authority Act as amended. It is to be noted at the outset 
3 oe that Section 9a specifically provides for the generation of power only in so far 
. i as it is consistent with the primary purposes of navigation and flood control 5 
and that the y proceeds of the sale of power are “to assist in liquidating the cost 4 2 
or aid in the maintenance of the projects of the Authority.” 
iy Rs. The location and the minimum pool elevations of the Authority’ s dams on 


x the main Tennessee River (Fig. 1) were determined by navigation requirements, 


__ whereas the surcharge pool elevations were determined by the maximum amount 
__ of flood control storage space consistent with a minimum damage to the cities. 
and agricultural areas. . Dams on the tributary rivers were chosen principally 

- with regard to flood control purposes. All of these dams operating together — 


4 as a unified power system, in so far as fp after satisfying the piawy 


the Nors.—Published in December, 1941, 
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Nevertheless, the intent of the Act is clear and is rigidly 
= and in the operation of the Authority’s system. 
ith regard to the allocation problem, two points 
taken. The power by the different dams could be considered 
n (see lint the Appendix) 


as soon as to the pow er self-support- 
a * mae and self-liquidating the surplus power shall be sold at rates which in — 


a 


= 
the opinion of the board, when applied to the normal capacity of the 
Authority’s power facilities, will at a “om revenues in excess of the 


_ This might be taken to mean that the os ‘should be such that they will M 

a z pay only for all additional facilities ¢ especially y necessary to to install power equip- 

g eo ment at the Authority’s dams together with all transmission facilities without, 

however, paying any share of the dams themselves. second 

ir “would include in the cost of production a share of the cost | of the facilities 
jointly with navigation and flood control. 

a Cher July, 1940, Congress appropriated funds for the construction of the 
_ Cherokee hydroelectric project, the Watts Bar Steam Pla Plant, and the installa- ¢ 
tion of units at existing downstream plants. July, 1941, four 
the Hiwassee tributary and additional 3 
unite in plants were authorized. present (October 20, 1941) 
i Congress i is considering the authorization of two additional tributary p projects. 
= _ These projects will be operated primarily for power production during the 
present national emergency, after which all of the projects will be operated on 
ae a raultiple- -purpose basis, and their total cost will be allocated to navigation, — 


order to in task of determining the theory and to mala 
Nik the , necessary § studies, the TVA Board of Directors created a Committee on 
_ Financial Policy consisting of the comptroller as chairman, the chief engineer, _ 
_ the chief water control planning engineer, the solicitor, the chief power plan- 
ning engineer, and the chief budget officer. It was the opinion of this com- 
7, acting with the advice of a number of consultants, that in order | 
7 properly to assist “in liquidating the cost or aid in the maintenance of the 


oe: projects of the Authority,” a part of the joint costs should be allocated to power. 


— other words, although the committee recognized the limitation of the power 


A 
- allocating a part of the joint costs to power the was thereby 


builds its own power r facilities at ‘an existing ¢ government navigation dam alll 5 
oy pays the government a fee for the use of the head created by the dam. This — 

fee may be considered to repay the government for a part of the cost of con- 

structing the dam (see References 2 and 3). ‘Still another comparison z 
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Government and private companies 


allocations at TVA dams. 
mittee’ s work, and after the first “Report of the Investment in the Wheeler 
-_ Norris and Wilson Projects and the Allocation of the Investment Among the 
ais Several Purposes of the Tennessee Valley Authority Act,” the committee sub- 
‘mitted to the Board each year a report on the allocation of the Authority’ a 
| _ investment in the system completed during the previous fiscal year. . The fi first 
— which was published as House Document No. 709, 75th Congress, 3d 


to nthe allocation of the Aut 


‘The various s theories o of joint-cost allocations described in in House Document 
No. are ‘summarized herein. It should be observed that allocations of 

“3 ‘x costs are concerned principally with the p proper apportionment of th 

i the structures and facilities which are used jointly for the various purposes of 
development. solely | for any single purpose are to be 


Vendibility Theory.- 


jointly produced will reson be sold at prices 


= under conditions of joint supply can be sold. © Navigation and flood ner e: 
under present conditions, are not vendible commodities. 


ii Benefit Theory.— —This theory advocates | apportionment ¢ of joint. costs on the : 


_ The difficulties peculiar to this theory are » principally : those of ‘evaluation 
of the benefits. Beneficial effects of any one project are multitudinous. Some 
of these are gains to individual property owners, reduction in costs to con- 
Sumers, profits to merchants ‘industrialists, advantages of a social an 
governmental character; some are specific, others general in nature; some are 
easily evaluated, others are intangible; some are local, others remote from the 
Valley; some are immediately effective, others will benefit future generations._ 
zy Se House Document No. 709 presents this tyson in some detail and furnishes 


a . ade with a private company building a dam and power development on “a 
vigable stream, the government building a navigation lock at the same 
and granting the company reduction or waiver of the license fee 
agreements between the U. S 
___are in effect examples of cost allocati — 
ii’ 
Bia 
; 
— 
— 
| 
Under competitive open market conditions, products 
totaling the joint cost of — 
nt of costs will depend largely a 
— 
OF estimated derived Irom the develonment — 
— 
1 
— 
ecessary vO distinguish Detween LWO Versions Of the wneory. i 
4 According to one version, 


ing to the other version, the benefits would be moneuned by the altouhative cost -* 
ae obtaining equivalent Tesults by single-use projects, provided the advantages 5 
— the country can be shown to be sufficient to justify the expenditure necessary 


theory.” A method was for allocating joint 

ee Ak: costs between navigation and power for the St. Lawrence River project on the 
ew international section of that stream, and has also been used as a basis for allo- 

cating joint costs of water utilities between service and fire- 
protection service. 9dt no a hes bwell wilt of 
el eh Use of Facilities Theory. —This theory would distribute joint costs upon the 


In the steam railroad id field, the apportionment | of common cost 
between freight, mail, express, and passenger business may be made upon s some 
ae comparable use units like car-mile, passenger-mile, or ton-mile measure. 
ra When | applied to the T TVA problem, the theory becomes v very involved; an 
: - acre-foot ¢ of reservoir capacity or an acre-foot of water released has been | sug- 


: a" feature, whereas for flood control, head is is not an essential factor. Iti is possible, ‘ 
however, that the theory might be usable after sufficient records have been 
bat is collected over a considerable period of time regarding the actual use which has 


m4 been made of the facilities. . For the immediate future, the theory ‘appears not 


ae Equal Apportionment. .—This may | be considered as a common-sense rule of 
sae equity to be used when it is felt that no ) truly scientific basis of apportionment : 
ae can be found. However, such a rule does not seem practicable where “7 a 
respective uses for each function are not equal. oil 
Special Costs. —This theory s suggests the apportionment of the costs to —_ 
several uses in direct proportion to the special expenditures made for each 
use. The procedure appears the object of the allocation is 
a ay Alternative Justifiable Expenditure. —This theory proposes | to divide th 
—- costs in proportion to the alternative justifiable expenditure less the 
_ direct cost for each function. — By constructing projects which serve multiple — 
“savings may b be achieved in expenditures over those er for single ; 
ae According to the theory (see Reference 4 in the Appendix), the direct cost 
My for any one purpose corresponds to the investment that t could have been « elimi- 
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development of the proj et of realising an equal benefit to that obtained in 
one purpose is the lowest cost for that at 


Table 1 illustrates: the of this theory to the following s 


a hypothetical case—the assumed allocation of $1, 000, 000: 


Direct | Costs: 


project cost 


Assumed Alternative Costa: 
Navigation: 


600,000 


ASSUMED oF $1,000,000 


Navigation... 00 | 31.3 $156,000 
Flood control.....] 125,000 


ith Table 2, -Items 1 to 21 comprise a summary 0 oft the trial 1 computations besed 


Guntersville, and Hiwassee developments. 
a summary of the final allocations for this same program as recommended by ‘ 
the Financial Policy Committee. It will be seen that the latter vary om as 
the trial computations in Table 2, Items 1 to 21, by relatively small sums. = 
‘This variation represents the factor of judgment that entered into the com- 
mittee’s consideration of the problem i in making their final determination, as as 
is explained subsequently. (Costs used in the three-plant allocation exclude 
($4, 774 ,905 reserved for Wilson Dam depreciation from date of completion to 
date of acquisition by the Authority. In all subsequent allocations, total costs ~ 
have been used—reconstruction cost: new at Wilson—and depreciation r reserves — ae 
ata all vehi a been set up up ina special account, independent « of allocations.) eo, % i 
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_ _ The siti of the costs | of f the multiple-purpose projects is | required by — 
ry ee - the TVA Act, which states that the cost of such projects shall be charged to Pa 
ie flood control, navigation, fertilizer, national defense, and the development a Re 


power. It also requires that the findings of the allocation shall be used there-— 


after for the purpose ¢ of keeping ‘the book value of these properties. Although 


# not explicitly stated, it may be assumed that the reason Congress igen 


concerning the of accounts, which states that 
* * for the purpose of accumulating data useful to in the 
formulation of legislative policy in matters relating to the generation, 
fp ii transmission, and distribution of electric energy * * * the Board shall keep — 


complete accounts of its cost of generation, transmission, and distribution | 


‘The various theories of joint-cost allocation considered by the 
“nancial ‘Policy Committee have been previously described herein. Arguments 


for and against such theories are of academic interest, since the real ditties — 4 


eee, Such difficulties constitute the real objection to the direct use of the belies es 
eory, so-called. - ‘This method | appeals to engineers : as being reasonable and ; 
equitable. It has long been used in assessing costs of irrigation, flood control, ta 
nd land drainage, where the costs of the projects them themselves are paid for by 
axation on the real property served or or protected. RE 
ie _A little refiection will convince any experienced engineer that the vehie- of 
the benefits from the various components of the Authority’s program cannot 
be estimated with ‘sufficient accuracy to ‘serve | as the basis for accounting pro- 


cedures. These benefits are very real and very but by their very 


purposes upon any one mathematical formula. The method adopted 


by the Authority serves more as an aid to judgment than as a formula for the 


a By this method the common costs are allocated in proportion to the remain- a 
cs Ing costs resulting from the subtraction of direct costs from the total estimated __ oe 


rt of J ting the T Valley Authority,” 8. D 


— 
— #8 
— 
setting of power rates, tentative allocations were used by the eee ee Aa 
Joint Investigating Committee, ‘appointed by Congress, in their study of 
rates actually in effect. They found that these rates would 
erenues sufficient to retire more than all of the cost of generation, 
 § and distribution of power, including interest. In fact, without such an allo- — 
é — 
| .—l 
— 
| 


ponte. ‘This a amounts to assuming that the ‘Savings | from  multiple- 
development are shared in by the various “purposes in this s same pro- 
devel he jointly-used of the 
eve opment are provide y t e jointly use portions | of the ‘project. 
he _ The exactness of such a ‘method from the mathematical point of view 


a depends upon the accuracy with which it is possible to estimate the cost of — 


hypothetical “alternative” single-purpose developments. These estimates from 
= “iy pr accounting standpoint have practically no accuracy at all, since they must 3 


and the effect of the different and variable 


a a -——sTn the end, the actual allocation of costs must be an arbitrary and empirical : 


: process, and the writer can see no reason why this should not be recognized — 
frankly. . §ince no one method has received any official or judicial approval, 
; it is entirely en to use any or all methods when these are Mee 


ee, Bais —Itis pertinent to examine, at this point, the limits of variation in the final 
allocations as affected by the application ¢ of the theory. “In the cost allocations 
the direct costs of the various purposes can be readily ascertained and are not 
subject to variations due to possible inaccuracies of estimates. a 
tions based on the alternative-justifiable-expenditure theory, however, 
affectdl by possible inaccuracies in the estimates of alternative costs. Theos 
possible i inaccuracies have been held toa minimum in 80 far as possible in the © 
allocations made thus far, since the costs which were used for alternatives _ 
were based largely on. the costs of the multiple-purpose projects with compara- fy 
TABLE 3 }—RELATIVE ¢ OF "over, a comparatively large 
Hation in the: alternative costs 
would result in ‘minor varie 
Reduetion | Auuocamion oF _ tion in the final allocations as is 
anita shows the effect of variations 
| costa i in the seven- -plant alloca- 
Be. ‘tion based on the alternative- 
justifiable-expenditure theory. 
Viewing this problem in its 
ar Ke broadest « sense, it is evident that 


ith mathematical precision. . On the other hand, there are reasonable limite” 


Where three | major purposes : are e involved, it would be an obvious absurdity 


a charge more than half of the common cost to power alone, especially where — 
cae power production i is ) designated by congressional legislation as in ep: a the 
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other two purposes. the other where power is the only “paying 
_ partner,” it is difficult to justify charging t to power less than one third of the aie 
: ee The TVA allocation of common costs to power has been set at 40% for the ge 
oe} - three-plant to seven-plant systems, resulting in an average allocation to power ep, 
a of the total costs of f about 52%. Were the allocation of common costs increased 


from 407% to 50%, this would increase the total to only 58% whereas a decrease 


The extreme reasonable r. range of the total allocation. a 
a ‘the method adopted, therefore, is from 48% to 58%. Considering the 5 ay as 

difficulty of the problem and the wide of opinion 

connection, this is bers 


aw 


e Federal Poder’ release No. 380 with the 


af ? 
“allocation of costs for the Bonneville project. La ar 


Boulder Power Plant. —The Swing-Johnson Bill, which for con- 
struction of Boulder project, required that before construction of the dam was a 


4%, i ina period. The actual as entered into with the various 
* lessees provided that each shall pay a certain } price for use of falling water at 
adam, and that the cost of the power installation shall also be paid by these — 
lessees at a rate sufficient to repay the cost of the power plant i in n 25 years, to- 
gether with interest. These contracts are “now in force and apparently the 
cost of the dam will be repaid as provided i in the Act. capa Beis es 


fication of the prices paid for power hash a substantial allocation would be 


made to flood control, the cost of power equipment would be repaid in 50 
 -years ‘instead of 25, and the rate of interest on the investment would be" ie 
oo from 4% to 3%. This bill was passed by Con ess in July, 1940, RF i 
hs The TVA allocation of costs may be hininaivtaied as follows: PAS 


The allocation was made as directed by 4 Act of Congress; 
5 Allocation is not based ‘exactly on any one mathematical calculation or or 
- formula, the final sums being fixed by judgment and not by computatia ; ae 
Items used solely for a Particular purpose are charged to that pur- 


"pose alone; is s therefore only, the remainin “common costs” which require 
g i 


the le variation in ‘the totals due methods o 
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sma n be shown, that final 


within reasonable limits, regardless of the method 


Most of the used in the preparation of this paper, including e 
~ ime mates and similar data, was contributed by W. L. Voorduin, Assoc. M. Am, 
Soc. E, of the TVA engineering staff. 
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“See. The board i is hereby directed in the operation ¢ of any dam ¢ 
the purposes. of promoting navigation and controlling floods. So far as may 
be consistent with such purposes, the board is authorized to provide and oper- 
ate facilities for the generation of electric energy at any such dam for the use > 
= of the Corporation and for the use of the United States or any agency | thereof; 
ae oa the board is further authorized, whenever an 1 opportunity is afforded, to 


= 


of Dam 2, and the at nitrate plant numbered 

d nitrate plant numbered 2, and as to the cost of Cove Creek Dam, for the 
purpose of ascertaining how much of the value or the cost of ‘said properties : 
hall be allocated and charged up to. (1) flood control, (2) navigation, 
a - fertilizer, (4) national defense, and (5) the development of power. The find- — 
ings thus made by the board, when approved by the President of the United i 
, States, shall be final, ‘and such findings shall thereafter be used in all allocations 2 
: Br — of value for the purpose of keeping the book value of said properties. In like ee 
~J a manner, the cost and book value of any dams, steam plants, or other similar‘ 

_ improvements hereafter constructed and turned over to said board for tl the 
‘€ purpose of control and management shall be ascertained and allocated. 

ra the: ‘The board shall, on or before January 1, 1937, file with Congress a state- 
pies, ment of its allocation of the value of such properties turned over to said Board a 
and which have been completed | prior to the end of the preceding fiscal “year, 
i and shall thereafter in its annual report to Congress file a statement of its § 
allocation of the value of of such properties as as have ‘completed during the 


“For the purpose of accumulating data useful to the Congress in the formu- 3 


v 
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and distribution of electric e energy and the production of chemicals necessary 
to and useful i in and to the Federal Power Com- 


ie. lation of legislative policy in matters relating to the generation, transmission, (ae 
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Re 
‘ - mission and other Federal and State agencies, and tot 
shall keep complete accounts of its costs of generation, cncathen and dis- : 
: tribution of electric energy and shall keep a complete account of the total — 
cost of generating and transmission facilities constructed 
4 _ quired by the Corporation, and of producing | such chemicals, and a a description — 
We the major components of such costs according to such uniform system of — 
_ accounting for public utilities as the Federal Power Commission | has, and if i it 
have none, then it is hereby « empowered and directed to prescribe. such uniform — 
system of accounting, together with records of such other physical data and — 
hi operating statistics of the Authority as may be helpful in determining the actual — 
cost and value of services, ae the practices, morose facilities, equipment, 


interest, efficiency, and the wider and more economical use of electric e energy. 
Such data shall be reported to the Congress by the board from time to time 
with appropriate analyses and recommendations, and, so far as practicable, 
ee "shall be made available to the Federal Power Commission and other Federal — ra = 
and State agencies which may be concerned with the administration of legisla- — 
tion relating to the generation, transmission, or distribution of electric energy 
and chemicals useful to agriculture. It is hereby declared to be the policy of 
F “ this Act, that, in order, as soon as practicable, to make the power projects 
4 _ self-supporting and self-liquidating, the surplus power shall be sold at rates 
be which, in the opinion | of the board, when applied to the | normal ¢ capacity of 


_ the Authority’ 8 power facilities, , will produce gross revenues in excess of the 


‘Valley Act of 1933,’ the board shall file with each annual report a statement of % 
q ‘the total cost of all power generated by it at all power stations during each 


of power at each power station as required by section 9 (a) of the ‘Tennessee eee 


year, the average cost of such ‘power per kilowatt-hour, the rates at w ich 


a and to whom sold, and copies of all contracts for the sale of powel 
2.— — ‘Rules of Practice and Regulations” of the Federal Power Commis- 


Be pet “Reasonable annual charges for r recompensing the United States for the use 
_ of Government dams or other structures owned by the United States and for 
- the use, occupancy, and enjoyment of the lands of the United States adjoining 
— pertaining thereto will be based upon the estimated value for — pur- 


PO 


Ford Motor Company ‘Mississippi Twin Cities 
nig Valley Power zi Kanawha Marnet, London, 


Dam No. 


1 of od 
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3.—The Third Annual Report of the Federal Power mission (for 


: ies” x the fiscal year ended June 30, 1923) states regarding Project No. 362 (Twin 
Cities Development), Section 7, p. 256: baa 


recompense the United States for the use of said dam and appurtenant 


: structures and lands adjoining and pertaining thereto, the license to pay as a 
reasonable annual charge the sum of $95,440 said sum being interest *** and 


depreciation * BOW upon $1,193,000 an amount deemed to be so much of the B 
er ‘= of said dam, structures, and lands as would be justified if built or pur- 


chased solely f for of power development.” Tn” 
concept of alternative cost is premised on the theory that the ex- 
penditure in single-use projects would be justified by the benefits obtainable; 
; _ hence, the alternative cost may be taken as a measure of the investment which 
the individual purposes would be ju justified in expending in a joint venture. 
om Where such a cost would not have been justified, it is necessary to substitute 
a lower estimate based on evaluation of the benefits. 


A's _ “Through the medium of alternative costs, a relative measure of value 


y applicable to all purposes is utilized. In applying this method it is necessary 
ei to secure estimates of the lowest alternative cost by means of which sub- # 
the same quantity and and quality of of service for each separate function 
can be obtained. - The fundamental assumptions which underlie the cost esti- # 


Ret. Doe. No. 709, p 20 aban 


“After review and extensive exploration of all the methods, the 
has reached the conclusion that no one method furnishes the 
| _ general basis upon which to proceed to a final allocation that would reflect bye 
Pi various shares of the total joint costs to be imposed on the several functions <7 
rf the ‘Wilson, Norris, and Wheeler projects. The committee recognizes that 
4 each of the relevant methods has a measure of validity under some circum- 
- a stances but that there are objections to or difficulties in the application of all he 


methods to the Authority’ 8 s projects. Much time and effort were devoted 
- testing out the various hypotheses involved on the existing and proposed 


projects of the Authority. The allocations finally recommended are admittedly 
on an exercise of judgment after considering all facts; ‘nevertheless the 


three completed projects represent a great national-defense asset, 


they are not in operation for that purpose during peacetime, it appears 


At 


S| a be impracticable to attempt to allocate any portion of the investment to es 
their wartime use, and the committee recommends that no part of the invest- 
be assigned to that function. is further recommended that no 
the joint investment be allocated to ‘fertilizer, since fertilizer are 
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TVA PROJECTS 
being currently char ed for ervices by oth departments of th 


“The initial power development at Bonneville, which will 
generating capacity of 86,400 kilowatts or approximately one-fifth of 
et the probable ultimate installation, is slated for completion by June 30, 1938, 
a at a total estimated cost, , including interest « during construction, of $9, 180,500. 
“> for facilities solely for power purposes. The Commission has allocated this 
a entire sum to initial power development and, jn addition, has allocated — 
wy - ,501,900 of the total estimated cost to June 30, 1938, of facilities having iM 
joint value for the purposes of navigation and power development. ae Rete 
“The $2,501,900 figure was obtained ‘through the 
‘ultimately, power development may fairly bear 32.5 percent of the cost of 
facilities having joint value for the production of electric energy and other 


‘Purposes. The total estimated cost of such facilities to June 30, 1938, inclad-— 


‘ing fishways, i is $38,490,700 and the present allocation to initial power develop- wag 


is one-fifth of 32.5 percent of this sum. 


“The total cost. of the Bonneville p project when completed is is ‘estimated : at = 


“ultimate power development with ten generating units having an aggregate 
capacity of 504,000 0 kilowatts, together with the cost of all at-site ‘appurtenant — 


~ facilities for power t use only, to be $29,448,000; and the cost of facilities having th 


2 


4 joint value for navigation and power including fishways, to be 
‘2 $39, 179, 000. It is estimated that the cost of facilities for navigation purposes 
tse - only will be $5,517,600 as of June 30, 1938, and no additional capital costs for 


facilities solely for navigation purposes are contemplated. = = j= 
ue the basis of the Commission’ 8 present determination that ultimately — 


power development n may fairly bear 32. 5 percent of the cost of facilities having S 


” or approximately 57 percent, of the total ultimate cost of the Bonneville project ; 
would be allocated to po power Sa 
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E ing presentation of the desirability of using the alternative-justifiable-expendi- _ 
4 ture theory as a basis for the allocation of costs: of multiple-purpose projects. é 

ie ‘Gust It is assumed that this theory of cost allocation is applicable to preliminary 
= studies of a project, made for the purpose of pooper poy whether a project or 


= funds are concerned, it appears that the alternative-justifiable-expenditure e 
BS ier th theory forms as good a guide as any that « can be devised for determining ade 
proportion of the total estimated or expended funds should be allocated to 4 

ae various purposes. However, there is another use that must be made of a } 
ee cost allocations of the TVA projects i in which it is questionable | whether the 4 : 

alternative- justifiable-expenditure theory i is properly applicable. 


at The author has quoted from the TVA Act (see heading “Comment”): 
a Soda for the purpose of accumulating data useful to the Congress _ 
ia aus in the formulation of legislative policy in matters relating to the genera-_ F 
tion, transmission, and distribution of electric energy ** * the Board 
i keep complete accounts of its cost of generation, transmission, and 


“This language, the debates i in Congress, statements in hearings, and 
= sty arguments in lawsuits involving the TVA leave little doubt that the intent of a 


=... Co ongress was il in part to create : a “yardstick” by’ which rates charged by private 


7.3% 


a a yer companies could be measured. It goes without saying that the ‘ ‘yard 
a st tick” itself should be fairly measured; otherwise the measurements made with | 
tes om t will be unfair either to the public or to the private companies. Latin - 
; Sa el important element in the cost of production of power is the cost of 
a - ‘beendion, including interest, the sale of securities, and amortization to ex- 
Be tinguish the investment at the end of the useful life of the project. N aturally, 
: these costs will vary Y with the amount of the investment. . The cost of a dam . 3 


built for power alone must be carried entirely by power revenues, whereas the 


these three purposes. Hence, the capital ‘expenditures for power are likely to 4 
. be much less in the case of a government- -built, multiple-purpose project than : 
4 the case of a privately built, single-purpose power plant. In the example 
used in Table the first cost of a single-purpose power plant is $600,000, 
a plant of ‘equal capacity constructed as a part of a multiple-purpose 
project is but $469,000, or about 78% of a single-purpose plant. 
The private owner, of course, would base his rates ona first cost of $600, 
| but the government, if it employs the theory’ 
a u e governmen if it employs the alternative-justifia e-expen iture 
. eae advocated by the author, will measure the private company rates with a . 
“yardstick” ” based on a first cost of $469,000, and therefore might conclude that 


much of the private rates as depends on and 
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but, on examining the cost figures as for actual projects 
(Table 2), even greater disparities are found between the cost of single-purpose 
(alternative) power and power features included in 


at ‘Many people i in the United States are favorable to aeauinen of power b 
2 aw government on the theory that power is ‘such a vital public necessity that - 
Sa production should be at the lowest possible cost and not burdened with the 


of the government, as Congress, the government properly 
would take all possible advantage of its unique opportunity of combining power 
with public uses, such as navigation and flood control, in a way to reduce the 
‘first cost of power installations even though private companies were “run out 
of business.” In the TVA Act, however, Congress has not adopted such a 
ee policy. The evident purpose of the Act is to make use of the power produce 
in connection with navigation and flood control works, to market the power i 
order to help defray the cost of such works, and to accumulate e data useful t 
the Congress i in the of to production and 


edT 


; it is ‘clearly explained that the first costs of power installations thus pnekniead : 
oe are not for comparison with the necessary and reasonable costs that must b 


multiple-purpose is a robin, and the author has 


ay useful contribution to available data on the subjec 


as “Theories of Joint-Cost Allocations: Alternate Justifiable Expenditure) results — 
ina solution that i is applicable to most allocation problems. it ‘appears to 
: warrant more wholehearted ‘approval than that accorded to it by the TVA 
2 Financial Policy Committee. In the introduction to its “Notes on Allocation,” 
4 & supplement to the TVA formal report on cost allocations (H. Doc. No. 709, 
; ; 75th Cong.), the Committee states that it “found most merit in the ‘alternative- 
justifiable-expenditure’ theory” and, in the last sentence of the paragraph on 
— “Conclusion as to Allocation Theories, ” states that the “allocations finally — 
recommended are admittedly based o on an exercise of judgment after in nS is 


A summary of allocations to date i is given in Table 2. By & comparing the ie 


| Pireontagse shown in items Nos. 18, 19, and 20 with corresponding 1 values. in we 
A items Nos. 31, 32, and 33, it will be noted that the exercise of judgment resulted 


_ in a change of 1.6% of the allocation to power in the three-plant system, o cf 


compared with the value determined the justifiable- 
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= 
ternative power cost is $79,230,000, whereas the final allocation of the multiple- 
j 
— 
| 
= 
— 
2 
— 
— 
— 
aa It is the view of the writer that the allocation of costs bs 
tive-justifiable-expenditure theory, as described by the author, will fall short 
ae 
— 
— 
. & 
— 
— 


g be ae all of the objectives of the problem at hand should be maintained on as nearly 


q Ce alternative single-purpose projects, deemed capable of providing services a 


= studies, methods of derivation were developed that lead to mathematically 
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Perhaps it is not the bounds ‘of caution to say that the justifiable. 


ery _ expenditure method is the adopted method. There is merit i in standardization — 


pd Added confidence in the ‘merit of this method is found in the fact that “it 3 


bere a held its own,” from the early days of allocation study, against all of the Proposed ‘a 
methods, | some of which h were ardently supported. by their sponsors. It was 
first used under the title of “benefit theory,” and tentative allocations for the 4 
= . first four projects were prepared in 1936 and 1937. The term “benefit theory” 
Be ae was distasteful to some who were concerned with development of the allocations, q ¥ 


_ chiefly because they did not find it possible to arrive at measures : of benefits that ae 
satisfactory to them. Later, with some changes in terminology and 
improvements i in details of the procedure used i in deriving the 
the method emerged under the name “alternative-justifiable-expenditure” 
_ theory. The writer considers this to be very satisfactory nomenclature. = 
The maximum total justifiable expenditure for any one of the objectives 
: Ai served by a ‘a multiple-purpose pr project would be measured by the total benefit ¥ 
a (with respect to the purpose under consideration) that is derived from the 
= development of the project. Assuming that the value of benefits for any given 3 q 
objective exceeds the cost of the least expensive single-purpose project that — 
a be devised for accomplishing equivalent results, the expenditure neces- 
a sary for such a single-purpose project may be considered | as a lower limit of s 


"project would not be justified by results ¢ to o be: accomplished, then a a lower value ¥ 


% for justifiable expenditure should be substituted. should 

The | most suitable values to be used as ‘ ‘justifiable expenditures” in any 
given allocation problem may be determined in any one of several ways, as 
ah a circumstances dictate. Perhaps a suitable measure of total benefits accruing — 
ig _ to each of the purposes may be feasible. It may be found that values based on — Mi 


a ave = of facilities afford a suitable basis, etc. In any event, the values used for 
ee an equivalent basis as possible. In the TVA allocation, estimates for the cost 


to that furnished by the multiple-purpose project, have been used 


‘Iti is obvious that the accuracy of final this method depends 


largely on the soundness of estimates for the alternative justifiable expenditures. 


Assuming the adequacy of those estimates, the steps taken in developing the 
TVA allocation give results within what are, , probably, suitable limits 
accuracy, although they are not absolutely correct. During the allocation 


accurate 1 results fer all all steps after have established. 


2 9 q 


Sour 


“ 


2 


— 


expenditure formula. ion and flood 4 

ontrol were 0.6% and 1.0%, respe fly. ihe changes nappen to have 
oo a ecreased step by step until, for the seven-plant system, there isanincreaseof § | 
only 0.7% of the allocation to power. It is scarcely reasonable to suppose that 4, 
Me 
the 
(ove 
ba: 
tai 
| 
“des: 
ag 
— 


arect 


uch as flood control, navigation, or power generation. It also will be true th at 


certain parts of the structures serve more than one purpose. The first step in 


‘the problem of allocation is a determination of the directly segregable portions 


of the cost. A method for determining those segregable amounts has been 
developed rithmetical This 


> 


vilgupe abre 

or Drrecriy ABLE Parts oF THE Cost or a Proyect 


a Complete circle; total project cost if built for— . i 


Combined total project cost if built fo wa 


Flood control and navigation (overlapping combination of 
Biz and power (overlapping combination of areas 
igi Asta (overlapping combi- 
nation of areas A, B, and C; not indicated in Fig.2) 
ious ed fig) Part of circle not overlapped in combining the three circles is th 
nog directly allocated to— 


ae 


jot 


C and 


pet f Determining 1 Waly Segregable Portions of Multiple-Purpose g.-§ 
project, probably certain parts of the — 
expenditures will have been made solely in the interests of specific objectives 

—— 
— 
and the following computations are intended to establish principles 2 
bo applind to the al any given allocation problem: — 
— 


4 


rita 


pedi overlapping area common to circles A, B, and Ci is the cost 


Flood control, navigation, and power, 


t=A+B+C+ T-D- F.. 
This | has been ‘termed the “ ‘three-circle method,’ slthough the circles 


on 
| no special significance. They are used only because they furnish a 


It is considered that three objectives are involved—flood control, navigation, 
and power development. The first step is a determination of justifiable 
expenditure for a project that would provide flood control equally 
sae a in every way, to that furnished by the multiple-purpose project (area A, Fig. 2) 
a, but 1 that would provide neither navigation nor power facilities. In like manner, 
the: justifiable expenditure must be determined for that would fe 
provide only for navigation equal to that furnished by the multiple-purpose 
ior project (area B, Fig. 2), and also for a single-purpose project (area C, Fig. a) 
that would furnish the equivalent | of power facilities included i in the multiple. 
_ It is assumed that, if a , dual-purpose project were built to provide for flood — 
control and navigation, the resulting expenditure would be less than the 1e COM 
bined sum: by the total of areas A B Bh to ) represent 


2c) 


4 the total plus the total area B by the amount of overlapping (in this 


es 4 instance, indicated by the area d plus ¢). In the same way, if a dual-purpose ~ 


— project were to be built to serve the purposes of navigation and power, with no * 

; provision for flood « control, the resulting expenditure is fepresented on the ‘i 
aa diagram by that part labeled E, which includes overlapping areas B and C. * 
nit 3 _ The net resulting sum in this case is less than the combined total of areas B and . 
a we C by the amount of overlapping between the two areas, which is graphically 4 
represented by area e plus area ¢, Fig. * In the same way, a dual-purpose 4 
ie _ project built for purposes of flood control and power only is represented by the 


ue overlapping of area A and area C, the area being less than the combined total 


F a A plus C by the amount of overlapping indicated by ar areafplust. The theet 


> 


(2b) 


— 

— 

| 
Single overlapping area common to two circles is the cost tobe 
Flood controland navigation ty 

— 
> 
ae 
— 


os three were to be gained by a single structure or if any combination of dual- ee 
_ _Eqs. 1 to 3 will give the proper part of the total cost to be allocated directly . 
to each of the three objectives; the part tha that i t is common solely to each combi- _ 
oe nation of two objectives; and that part common to all three of the objectives. _ 
_ These values are fundamental, and allocation of the cost of the tri-purpose 
eee In the case of a project involving more than three objectives, the } method — 
outlined would still be applicable. A fourth circle would be introduced and a 
_ larger number of simultaneous equations would 1 result, but the pened 
el _ The discussion thus far has been purely theoretical. Segregation of the cost as 


costs are those expenditures made solely in the interest single purposes. ‘The 
first step in such a segregation is a a determination of the justifiable expenditures | 
for single- -purpose projects that would have to be built to satisfy each one of the 
_ three objectives, and also for those projects that would serve each of the three 
dual combinations to an extent equal to the service rendered by the actual tri- 


Sat ay project. The following tabulation indicates the assumed cost of th 
A. 
a 


ayia) 


Navigation and power. 9, 95 7, 000 
“4 


cost, and such a condition has been assumed for the hypothetical 
Then, it is difficult to indicate the true conditions to scale by the use of circles, 
: and a different type of diagram | has been devised i in in Fig. 3. on 


— 
— 
¥ 
4 | 
= 
— 
— 
i 
— 
— 
— 
| 
a 
— 
4 
— — 
the of clarity, in Fig. 2 the areas are shown overlapping by cole 
< segments. As a matter of fact, in the case of most projects the cost ae a 


4 Such a project would not be built in the interests of navigation or power demtlene 5 
ment. This i is indicated in Fig. 3 by the lower rectangle, length A. A project — 2 
a 8 that would serve purposes of navigation only, without regard to flood control or 
ea - to power, would cost $22,557,000 (length B, Fig. 3). The cost of a project built — 
for purposes of power generation only would be $29,957,000 (length C = 75 
Be » Fig. 3). % The three rectangles have been arranged i in a horizontal position n such a 
4 a that the various other elements of cost desired are shown diagrammatically. o 
= Se. For instance, if a dual-purpose project were built that would furnish flood- — 
ee control and navigation facilities equivalent to ‘those furnished by the tte 
y purpose project, but which would provide nothing specifically for power de- — 
a velopment, the cost would be $24,957, 000. This is represented by length D. x 
a a : ‘7 The hypothetical tri-purpose project is such that, ifa single-purpose project. Ng 
were built for the primary purpose of providing an equivalent of the existing x 
power generation facilities, it would be sufficient also to provide the existing __ 
Be navigation facilities without additional cost. This is found to be true in the — 
oe case of some of the TVA projects on the upper tributaries of the Tennessee ay 
_ River, where the value to navigation consists of Teleasing water during arse 
of normally low flow i in the channel d downstream. — This m means, in the case of the 
circles i in Fig. 2, that area B, representing navigation, would fall entirely within — 
area C, representing power. The cost of a dual-purpose project for navigation — 
_-and power becomes the same as that for a single-purpose project f for power. | 
ane - Thus, in Fig. 3 the top rectangle i is marked both C and E. It also has been 
‘ror assumed that a dual-purpose project that would provide flood-control facilities» 3 
and power-generation facilities equivalent to those now existing would be the 
same as the existing structure. Therefore, the combined dual cost represented 
* by length F (Fig. 3) would be the same as the total cost of the existing project, — om 
(= $31, 680 ,000).. The assumptions been made with the purpose of 


Costs represented by letters and the of circles in the 


the necessary navigation facilities. 4 Therefore, there is is no , part of “ne be of the 

project to be allocated directly to navigation and, consequently, the value of b 

nt becomes zero. _ That part of the cost properly allocable s solely to power gen 

ation, by length c, is $6,723,000. This is the part of the top 
rectangle which extends to the left beyond the limit of the lower rectangles. 
a There is no value indicated f for length d which, in the theoretical discussion, i i zy 
that part the cost common to flood and navigation only. Con- 

didering only a dual-purpose project for purposes of flood ecntrot and 


purpose “project and | power would cost the s same as 


iW 194 cost of a proje also 
lang 
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sou 
‘pre 
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a 
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pu 
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th 
ap 
is | 
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represented by len hich 
1 Tepresent le whi fo! 
flood control, r he lower rectang that 
a irectly allocable to f that part of t . A project tu 
cost direct it is represented by he upper rectangles. ow 
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also mast be common to length C. Therefore, the sum of $20,757,000, which a 
common to lengths A and B, actually becomes length ¢ in a this study is 


‘Fig. 3) i is $1, 800, 000. That part of the cost common to flood control and newer 
only (length f, Fig. 3) is $677,000. The sum of $20,757,000, common to all ae 
_ three of the objectives, is shown as length ¢ in Fig. 3. bbe sldaiiten(? “te stad 
The procedure appears to be mathematically c correct. 


objectives and into’ that are common is if the foregoing 
- procedure is followed. Dependability of the results obtained depends wholly . 
on the accuracy witl the costs represented | the several letters 4 


‘od To the conte a tri- project, it will be that 
a mates of cost for seven different projects: may be re required, although, as in in the ie 


During of the allocation procedures, the required i 
_order to apply the method seemed to be a formidable objection to its use in 
the minds of some non-engineering members of the TVA staff. It does not a 
appear too serious from an engineering viewpoint. Granting that any estimate 
is likely to be somewhat i in error, carefully prepared estimates, formulated by — a 
experienced, » should fall within suitable limits of accuracy to 


relatively n minor effect on ultimate that may result from substantial 
‘Variations in original estimates. This has been demonstrated by Mr. Parker 
es Table 3. The writer investigate d these 1 relations during the course of 

allocation studies and found that, on a basis substantially the same as the 3 


was somewhat less than should not be ‘more 
out of balance, and there seems little likelihood that allocations: van 
determined with any certainty of accuracy within 2%. 
Method of Allocating Common n Costs Under Alternative-J ustifiable- p 
_ Theory—The non-segregable costs common to more than one objective are 
ih - determined under the “three-circle method” of segregation. In the cases te 
‘Studied, only tri-purpose | projects sare | considered, although the same method 
of segregation and allocation may be applied to any multiple-purpose 
the “three-circle method” of segregation an “inere nental cost” was 
determined for each of the three p purposes, that being. the expenditure incurred i 
in eech case over what be expended if dual-purpose project 


at 
i= 
part of the cost is common to costs A and B which is not also common to 
— 
— 
— 
— 
— 
served by a project built for any one of the objectives. In such acaseasingle- 
— 
| 
iil 
estimates Of Justilabie expendl- } 
— 


Se were ‘established on a basis of hypothetical dual-purpose projects, and the 
common to all three p purposes was established. ‘of. 
determining the “justifiable expenditure” for each ‘objective, the 
2 segregated ‘ “incremental cost” is deducted, and the result becomes a sum that { 
Si od may be termed ‘ ‘Sustifiable additional investment. ” Having already charged 
ie to the objectives those parts of the multiple-purpose project costs that are — 
- directly segregable, it is logical to allocate the remaining common costs on the _ 
basis of “justifiable additional investments.” lo 
_ As described under the three-circle method of ‘segregation, there are fou 
items of common cost to be allocated. For exact allocation, each common cost _ 
should not be distributed directly on the basis of the “justifiable additional — 
Lh with which it is concerned. Rather, ea each should be distributed | 
in proportion to the remainders that would be Jeft after the other three items — 
SS common cost have been allocated, and such allocations have been deducted © 
m the corresponding ‘ ‘justifiable additional investments.’ n The r resulting 
may be termed “remaining justifiable additional The 
op ae A development of mathematical equations by which common costs may be 
The following are adopted to represent the quantities involved: 
Navigati d 
Navigation 


ohn Allocation n of t. t. —The steps i in the allocation of cost ¢ are shown in Table 4(0). i 


nit 


- 


were built and the purpose under consideration were non-existent in the ; 
M 
| 
| are 
_ ju 
| 
L. 
— al 
a 
— 


Previously |Break-| Previously | Break- 
allocated | down allocated | down 


“Expressing this propor rtion algebraically and t 


_ Similarly, the total common cost ¢ is to the part of ¢ allocated to navigation — 
oy as the total 1 remaining justifiable additional investment is to the remaining 
a ene additional investment for the part allocated to navigation; thus: 


3 Finally, the total common cost is to the part of allocated to power (te) as 


he 


and, for navigation: 


Allocation of e.—In this case, e is common to N and 0 aly (see Table 4c) 


of and therefore i is beckon down into e, and e,. Line M i is thus eliminated and— 


r i stifiable additional investment” is to the re- 
d 
— 
(see Table 4(6)), # =‘ 
arable 


(198 CHANDLER ON TVA 
2. 


- ‘divided into and f». This eliminates N, the justifiable additional investment 
Major Equations. rst eliminate Eqs. 4 by substitution. For For ‘simplicity 
ag Eq. 5a (for example), substitute the walues of bm and ft, defined by Eqs. 8, 
: in which L = K Tite Eq. 10 may be simplified wo to the general formula: — 
‘Similarly, Eqs. 8 ta in Eq. 6a yield (simplified algebraically)— & 
which may be simplified to the ‘general formula 
tm from Eqs. 4 to yi yield 


an 
hag betanionifs avid st L (0 —e) +4). vad 


f L(M 0 — dn — +tf 


Bes 
| 
ag 
— 
— 


ef 2) 


aig 
ar. 


OTITIS, 


; 


is necessary to obtain the results but the full procedure is given for ts sake 
¥ of clarity. Beyond Eqs. 17, further modification is inadvisable. — By substi- = 
~~ tuting known quantities in these formulas, solutions of ye and en may b be ae 
@ btained. Iti is then a simple matter to derive allocations of the other common ey % 


common only to the two objectives used in combination (that. is, d 


= 0). ‘Under such circumstances, 17 _become much 


Try Solution equations give. ‘results: ‘that. are. 
mathematically accurate. However, in most instances it is possible to arrive oe 
at results that are within satisfactory lin limits of accuracy by using a cut-and- -try 
method of solution, which involves considerably less work without aeiaben: 
the fundamental principles of theequations, 
As a first step in the cut-and-try method , d, é, and. f are broken down 
irect proportion to the ‘justifiable additional. investments,” M, N, and 


his gives a set of tentative allocations for d, e, and f. Based on es values, 


values tn, and te) with the tentative breakdown of oneof 
first common (say and a second set of “remaining 


a cycle that furnishes breakdown the 
costs. By the nature of the process these values are closer to a true allocation . 1 


of t the common costs than those first used. 


Tt will be noted that these tentative allocations “aeeer ant based on 


Eggs. 11, 13 
8 
— 
Solving Eq. 16c for f. and substituting this value in Eqs. 16a and 166, succes- 
sively: iia 
— 
— 
§ one or more of the hypothetical dual-purpose projects contains no cost that is 
Je 
— 
a — 
4 — 
"A 
— 
Following a similar procedure, the latest allocated values (f, and now 
ai exchange places with the tentative values for e, and a new allocation for ¢ — — 
4) 
— 
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would result ing the true allocations from the original 


TABLE TABLE 5. —Cut-anp-Try 


Remaining | 
Punross Cosr be justifiable Porrose C Common Cost 


Allocation of t: 
M | 500 
N | 800 
0 | 1,000 


_M+N+0 2,300 


x 


2,300 | .... | 500° | 4 


273.16 
426.84 


Allocation of 
$00 


+0 | 2,300 
Allocation of e: 
M 


500 


1,000 


2,300 |. | 4, 


f( in Col. 4 taken fro’ 
of f in Col. 3, taken from ne determination of 


— 
— 
— 
4 4 | 297.30 | 230. dae T 
— 


Ay: justiimole 


ak 4 


155.32 
85. 
459.48 
72.40) 54.27 


72.40 55 hs 

113.60 512.96 

214.00 160.49 


~~ 


t( =$400) i in Col. | from determination of in Col. 7. f( =$400) in Col. 4 taken from 
preceding determination of / in Col. 8. ” e( =$500) in Col. 3, taken from preceding Ctemination of 


Seen 


‘rate at which the adjustment in the allocation values diminished. -Computa- 
: ~ tions for cycles intervening between the second and ninth are omitted since 
3 _ they add little to clarifying the procedure. Je Completion of the fourth eycle 
brought the allocation into such close “agreement with the true values that — 
work was not justified with the gain in 9 tor 


steps are shown. Nine cycles were | in order wistely the 


in the rts Acad of the fundamental equations, all of the steps are nae 
cut-and- -try 1 method was found to be very satisfactory in the sol 


of the problem. A check 1 may ‘be made on the calculations at any 


| ‘The variation of results obtained ned by doth cycle indicates the he rate at which the , 


i= 
_ 
i= 
a — 
Based on less and less fall within 
“4 — 
: 
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4 allocation values are approaching correctness. By these 
R it is readily possible to determine when the results have reached a point beyond 
the refinement gained makes further calculations unnecessary. 
foregoing demonstration develops a mathematically correct method of 
allocating the joint or ‘common costs i in any multiple-purpose project, although 
in most instances it may be found that the increase in accuracy which is 
by) the refinements of allocating the costs common only to two objectives 
— (d, e, , and f in the equations) is not of f sufficient consequence t to justify the 
work required. Under such circumstances it should be sufficient to allocate 
all of the joint ‘costs (d+e-+f +?) in one operation in the 
additional expenditures” and to omit the other steps hag 
tions were proposed by Sherman M “Woodward, M. Am. Soc. C. | B. chief 4 
water control planning engineer, under whose direction the writer as 


1. M. Am. Soc. C. -E.—Once a ‘multiple-purpose project 
: Fy is s completed, it may be operated in various ways. The demands of flood con-— 
trol for r empty reservoirs and of power for full reservoirs are particularly in 

is allies. _ If a project really is operated with flood control as a primary ob- 
ahs jective and power a secondary one, the firm power generated may be only a - 
small: fraction of that obtainable with operation for power as a primary or co- 
objective. ‘This may be true even though the method of operation 
wa not have much effect on the average annual kilowatt-hours of energy 

alternative-justifiable-expenditure method of cost allocation must 
mecessarily be based on some assumed scheme of reservoir operation. . This, in 
determines the alternative plant and the alternative cost. dif- 


among the various purposes. However, it se seems ems probable that—in 
-gome multiple-purpose projects, at least—the differences in benefits to the 
—— purposes of the project with various plans of operation will be: much — 
ah "greater than the differences in costs allocated to these y purposes. This may be | 
is particularly evident where the value of firm power from one — of operation — 


me more than one plan of operation? If so, were allocated costs compared with | i a 
a benefits, and particularly p 
ee mag "Whatever the prospective plan of operation adopted in the design of a = 
: multiple-purpose project, it seems likely that circumstances will operate to = 
cause departures from this plan. For instance, , under war-time conditions of 
4 power shortage in the Tennessee Valley, it would seem reasonable to give major e 
ee consideration to power in operating TVA reservoirs. In more normal times, 
a the pressures on the operators of of government multiple-purpose projects are_ 
— Tikely_ to be strongest from those beneficiaries of the projects who make no 
4 Prof. of Economics of Eng., Stanford Univ. Stanford 


he 
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— By he be interesting if, in his closure, Mr. Parker would comment on this point in = eee of 
pr 
ac 
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for the three purposes, planned “separately. Col. 2, Table 1), totals 


“WOODWARD ON TVA PROJECTS 
special ec contribution to their is, from: and navigation 7 
interests. In this connection the propensity o of congress to designate m multiple- 
purpose projects as primarily for flood control and ‘navigation regardless of 
_ their real justification may prove to be unfortunate. The Central Valley pro- 
: ject in ‘California, conceived : as an irrigation project t to be financed i in large 
part from sale of power, but designated by congress as s primarily a navigation 


flood control project, is a case in point. _ 


SHERMAN M. Woopwanrp,* * Hon. M. ‘Am. Soc. C.E —For many people th the 
best approach to the allocation problem is from the point of view of the most 


Here a tr riple- purpose for navigation, “flood 
power is assumed to cost only $1,000,000, whereas the justifiable expenditure 


‘ $1,300,000. Thus, there is a savings or profit of $300,000 due to combining — 


7 the three facilities in a joint undertaking rather than building them independ- =. 


bi’ ently of each other. The amount saved is then allocated to each acmaee 


TABLE 6.—Assumep Attocation oF $1,000, 000 


Direct 
Facility invest-— age of of joint 
$150,000 $250,000 | 3 | 
| 200,000 
| 330000 | | 


46.9 
100.0 $300,000 


Col. 2 minus Col. L6. 


Bia 


88 to reduce the amount of | the investment charged to each, as illustrated 
Table 6. The final allocated cost. values shown in Table 6 are s 


The allocation of joint costs seems to be a matter of rear rather than 
of economics. It resembles somewhat the making ‘of appraisals— | 
procedure i in connection with condemnation cases, bankruptcy cases, 
- cases, insurance settlements, and damage cases, as well as in commercial trans- 
- actions: of all kinds. © It requires knowledge. experience, _ and judgment in 
Ph fey the method of allocation used in Table 2, if one takes | the difference — 
“between the columns for the seven- plant system and the six-plant system in an 
_ attempt te to find the effec t of the Hiwassee project, Items 2 and 10 ‘seem to A 
é a $1,000,000, whereas Items 14 and 18 seem to show that the actual computed — 
te - allocation of the Hiwassee investment to navigation is $1, 674, 439. Of course, — 


it was not intended that Table 2 should be used in this way, but if any one 


Water Control Planning Engr., Knoxville, Tena. 
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 Yeasonable distribution Of the Joint savings OF profits in muiltipie-purpose 
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in Dollars Are Given to the Nearest Hundred Thousand) 

CuIcKaMavGaa | CLUDING Hr- 

— 


Total investment allocated . 
Justifiable Investment: 


avigation. . 

Remaining Justifiable Invest- | 


8 


gas 
ONN 
Nou oO 


Total 

| Allocation of Total Costs: 
Navigation 


_ Flood control 


100. 00.0 170 


, Se to the nearest dandend thousand and then the last five ciphers are 
omitted. Col. , obtained by subtracting Col. 3 from Col. that the 


common costs in Hiwassee are allocated i in sate gh to the pst of 
"a the remaining justifiable inv investment in the Hiwassee project, finally the total 

é investment in the Hiwassee project would be allocated approximately as fol- t 
Pete lows: $700, 000 to navigation, $7,700,000 to flood control, and $8,600,000 to a 
3 power. — . Compared with the results in Col. 7, the figures in Col. 9 show y about — 3 
. = $1,000,000 less charged to navigation, $1,000,000 additional charged to to flood a 


3 


— 
3 204 tter to modify slightly 
ccation of Common Cos .| 470 5 319 ol 
— the first 21 items for 
amount to $3,400,00 » 
d the total direct costs ted, whereas the total 
— 23,100,000; nmon costs to be a 
investment is $ 00 000 of common costs t 
is leaves $13,600,000 { 
This leaves $13,600,00 
+ 
— 


element i in multiple-purpose p project. ri This p paper, the writer feels, has 
— helpful in clearing away the mist that formerly hung over such projects. — 


Plant. The writer is interested in a fuller and clearer | picture 
a of this project in regard to allocations. A thorough treatment of this subject — 
would be too long and involved. Consequently, only fom. of the selected 
high lights that bear on the financing will be treated. 
The Boulder Canyon project and other major multiple-purpose wenggem 


improve | nav 
supply, generate electrical energy, —and in allocations made the 


ad 


passage of the Boulder ‘Canyon’ Project 
make the project ‘ ‘a self-supporting and financially solvent ‘undertaking 
aa principal reason for the lack of uniformity in public policy regarding 


unemployment swept the United States, whereas the other projects were au- 
thorized subsequently to this crisis in a constructive attempt to reduce un- 
employment and improve labor conditions. In any event, between the tim 
of enactment of the Boulder Canyon Project Act and the up of other 
a BY - multiple-purpose projects, the Congress changed its public policy from that of = 
requiring self-liquidation to that of granting financial aid by allocating federal 
funds to functions other than ps power. These funds ranged from 67.5% to 43% © 
of the ultimate cost of the Bonneville | project and from 60% to 48% of the ulti- — 
maie cost. in in the case « of the TVA. 7 Powe er is is not obligated to Tepay such allloca- 


a Attention is directed to the fact that the Congress of the United States 
set public policy by the terms of the Boulder Canyon Project Act,® approv ved 
ecember 21, 1928, when it authorised the Secretary of the Interior, in Section 
jin pack, an fellows: 

the purpose of controlling the floods, improving navigation 
a0 and regulating the flow of the Colorado River, providing for storage and © 

for the delivery of stored waters thereof for ‘the reclamation of public 
ig pity lands and other beneficial uses exclusively within the United States, and — 
for the generation of electrical energy as a means of making the project 
“ate herein authorized a self-supporting and financially solvent undertaking, 
‘ti eae ee to the terms of the Colorado River mist herein men- 


ferent functions. They are dissimilar when it comes to the financing 0 90eo S 


R. M. Am. Soc. C. E.—Mr. Parker has made an in- 
Bo teresting and useful presentation of the theories of allocation for general a ie 
application as well as specifically for the TVA. The writer believesthat many 
— 
: 
— 
localities different functions receive emphasis. For example. the flood control q 
| 
4 
— 
— 
— 
2 
— 
@ * “Boulder Canyon Project Act,” Public No. 642, H. R. 5778, 70th Cong., 2d 
= 


tioned to construct, operate, and a dam and incidental 
in the main stream of the Colorado River at Black Canyon or 
Boulder Canyon adequate to create a storage reservoir of a capacity of 
_ not less than twenty million acre-feet of water * * *: Provided * * * also 
j to construct and equip, operate, and maintain at or near said dam, or cause © 
a to be constructed, a complete plant and incidental structures suitable for 
the fullest economic development of electrical energy fromm the water dis- 


* 


Although ‘the foregoing section authorized the Secretary of the Interior 4 
2 ye construct the Boulder Canyon project, it was necessary to meet the further a a 


vision financing | before work could proceed legally. This follows: 


“Sec, 4(b).. Before any money is appropriated for the construction 


said dam or power plant, or any construction work done or contracted for, a 
the Secretary of the Interior shall make provision for revenues by come 
tract, in accordance with the provisions of this Act, adequate in his judg- — 
‘ment to insure payment of all expenses of o eration and maintenance of | i 
said works incurred by the United States and the repayment, within fifty - 

‘s oe from the date of the completion of said works, of all amounts ad- 
-_- vanced to the fund under subdivision (b) of Section 2 for such works, to- 
gether with interest thereon made reimbursable under this Act.” 


“Project Act” makes an allocation for flood control purposes. Cc. 


Elder, °M. Am. Soc. C. E., , has given the background of this project ii in greater 
detail than can be given herein. To Mr. Elder on this , 
“449A goo “All advances to the Colorado River Dam fund from the U. 8 a 
loin were required to be repaid with four per cent interest, but a definite $ 
re allocation of $25,000,000 was made to ‘flood control to be repaid out of 4 
“¢ 62.5 per cent of excess revenues, if and when available. If this repayment a 
not completed within the general 50-year amortization moat ending 
a May 31, 1987, repayment was 3 to be continued out of the same proportion | sy 


vision was made for finally with four per cent 


interest. The amount of this flood control allocation appears to have 
a been fixed arbitrarily, so far as is now evident, but is approximately the 
lin = that might have been needed for a program of flood control by means 

Aas anol of ‘a low dam for this purpose solely, and a system of raised and | 

strengthened levees. This solution would have given immediate, 

evidently only temporary, relief from flood damages, due to relatively. 

er Tx rapid filling with silt of a small reservoir. But the federal obligation to 
woh furnish some degree of flood control on the lower Colorado River was 
recognized, and this is probably the only case to date where repayment, 
_ even though possibly on a deferred basis, of a government flood control 
structure, or its allocated share of the construction cost, has ever been 
“Tn addition to the flood conti 


payments to the United States as provided in the contracts 

executed under this act, then, immediately after the settlement 

poe such periodical payments, he shall pay to the State of Arizona 183% — 
*“Boulder Canyon Project, Original and Readjusted Regeyment Contracts,” by C. C. Elder—pre- 


pare “eae before the Engineering E Economics Division, Am. Soc. C. E., 89th | Annual vee New Yor York, N. Y., 
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“att A “ ‘After the repayments to the United States of all money ad-— 
a -_-vaneed with interest, charges shall be on such basis and the revenues | 
derived therefrom shall. be kept in a separate fund to be expended : 
within the Colorado Basin as may hereafter be prescribed by 
Records of Committee hearings indicate that the intent 


bs! of Congress was that Arizona and Nevada should receive some payments ~ 
in lieu of taxes which would have been levied if the project had been 
privately developed. The amount is ststed as having been arrived at on 
ig miee basis of a fairly parallel case, the leasing of public oil lands, where 
_ the rule had become established that the State involved should receive 7 
in per cent of the net revenue in lieu of taxes. The disposition of the balance _ 
of excess revenues, after completion of repayment of U. 8. Treasury ad- of . 
vances to the fund, was such a remote problem as not to excite immediate | o 
interest, so that it was merely left to future action of Congress, though — Baie; 
tleg allotted for Colorado River if when available.” 


siti In compliance ¥ with the: foregoing authorization and 5 provisions, , the Secretary 
wt the Interior, after investigation and study of regional market conditions, set 
 aschedule of rates i in Article (16) of the contract, April 26, 


of which follows: 
% if & 16) In consideration of this lease, the lessees Ly agree 


(1) To pay the » United States for the use e of falling water for 


One and hundredths mills. (0. 00163) per -kilowatt- 
hour (delivered at transmission voltage) for firm energy; = | 
One-half mill ($0.0005) per kilowatt-hour Glelivered at trans- 
ples: ‘A’ the end of fifteen (15) years from the date of execution of this 
_ contract and every ten (10) years thereafter, the above rates of payment _ 
ne for firm and secondary energy shall be readjusted upon demand of any zee 
_ party hereto, either upward or downward as to price, as the Secretary (of _ 
Interior) may find to be justified by competitive conditions at oe 


points or com etitive centers.’’ 1° ive 


Br Based on n the rates established i in the aforementioned contracts, prepared 


Pe Bureau of Power and Light and the Southern California Edison Company, — 


Se Ltd., assumed the financial responsibility for the return of the full costs of the 
rf dam, power house, and incidental structures i in 50 years at 4% interest, and for At 
the return of the cost of machinery and equipment in ten annual installments, — =a 
ver machinery and equipment furnished and installed by the United States, Reh ag 
for each lessee respectively, for the generation of electrical energy, equal i ras: 
the cost thereof, interest charges at the rate of four per centum 
| -—-« (4%) per annum, compounded annually from the date of advances to the 


_ Contract for Generation and Transmission of Power, Boulder Canyon Project—Bureau of Reclama- a es 
tion, U. 8. ie of the Interior; the City a Los Angeles, Calif. ; and Southern California ‘Edieon eee 


a — 
— 
— 
— 
| 
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a to June Ist of the year next preceding the year when the initial 

“Loe installment becomes due under this article, shall be paid to the United — 
one States by the lessees, severally, in ten (10) equal annual installments, 80 
ES ag to amortize the total cost (including interest as fixed above), and — 
interest thereafter upon such total cost at the rate of four per centum 


Fes ‘The power ‘obligation of these two lessees totaled 64% of the Sins power 3 

Pan fr (this included the 18% allotment to each of the states of Arizona and Nevada, — 

divided equally between the e two lessees). . The states assumed no financial 
"responsibility i in regard to the capital outlay. At that time, the Metropolitan 

Water District of Southern California, whose allotment was 36% of 


to maintain justice and equity between the government and the lessees. __ "9 
The Boulder Canyon Project Adjustment Act" permits the contracts for 

4 aie to be adjusted to rates more comparable with the liberal public policy 

adopted by the Congress for other multiple-purpose projects throughout the 

‘United | States. It recognized 100% power allotment for amortization purposes | 
instead of 64% of the allotment as set in the original contracts. 3 The “Adjust- ‘ 
ment Act” also provides more certain payments to the states of Arizona and 4g 
Nevada and to the Colorado River Development Fund. 
The Secretary of the Interior was interested, from adminiote ation stand- 
point, in changing the lessee from a “Contract for Lease of Power Privilege” to 
_ that of an “Agent of the United States for the Operation of the Power Plant.” ‘e 
The Adjustment Act provided the mechanics under which the desirable changes # 
suggested could be made. The adjusted rates for Boulder Dam energy will 
mor nearly meet ‘ ‘competitive conditions at distributing points or competitive — 
centers,” ” will still comply with the rigorous" requirements of the original Ac Act a 

i a self-supporting project, and will reduce the initial rates 8 roughly 30%. 


Under “Limits of Variation” the author has well stated: ‘oe. 
ing this problem in its broadest sense, it is that no 
hand can be determined with mathematical precision. On the other 
‘cet, there are reasonable limits to the variations in allocations a common 
ere three major purposes are involved, it ‘would’ be an obvious 
a absurdity to charge more than half of the common cost to power alone, 
_ especially where power production is designated by congressional legisla- 
- as e as incidental to the other two purposes. _ On the other hand, where 
. 8 power is the only ‘paying partner,’ it is difficult to justify charging to. 
Bascal less tien on one third of the common costs in any event.” ae 


| 


Be: The writer iter feels that | the author, in these two paragraphs, has expressed a 

er policy in regard to allocations which could well be adopted by the Congress as 

u “The Boulder Canyon Project Adjustment Act,” at,” approved Ju July 19, 1940, Public No. 756, H. 


whe 
ing sketchy review of the requirements and pro 
the presading d the additional fact that the 
Project Act and the contracts, an 4 had become 
eee € J istrict long since had voted its bonds an ee 
n Water District long 
hy 
— 
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the Adjustment Act has effected changes, as follows: 


. Lessee to ‘operating agent; 


interest to 3% interest; 


for and e from ten annual installments 


ee of the payment of the flood control ‘allocation withor 
until the end of the 50-yr amortization period, May 31, 1987; ‘abe 


* * revenues in excess of the amount necessary to meet the peri- 
ba odieal payments to the United States as provided i in the contract, or con- 


* *)) 
tracts, executed under this Act.* * jo 


if any, to each of the states of Arizona and Nevada, to the sdiinieatines te 
 * * * to each of said States of the sum of $300,000 for each year o 
_ operation, beginning with the year of operation ending May 31, 1938 Si 
and continuing annually thereafter until and including the year of opera- 


_  +«* * * after the repayment to the United States of all money advanced _ 
with interest, charges shall be on such basis and the revenues derived oe 
therefrom shall be kept in a separate fund to be expended within the 

‘Colorado River Basin as may hereafter be the 


toa a 
the sum of $500, 000 for year of May 31, 
1938, and the like sum. of $500, 000 for a of operation thereafter, es 
late until and including the year of operation ending May 31, 1987 * * *.” i 
rte 6 and 7 are subject to a further provision a as set forth i in Section 3 of the Bad 
“Tf, by reason of any act of God, or of the public enemy, or ‘any major 
~ catastrophe, or any other unforeseen and unavoidable cause, the revenues, | 
for any year of operation, after making provision for costs of operation, 
eae ‘foie maintenance, and the amount to be set aside for said year for replace- 
ments, should be insufficient to make the payments to the States of 
Arizona and Nevada and the transfers to the Colorado River Development __ 
_. .Fund herein provided for, such payments and transfers shall be propor- 
tionately reduced, as the’ Sécretary ay find to be necessary by reason 
ate n unusual feature of the A justment Act is its retroactive character, 
-Tequiring theee changes t to become effective June 1, 193 


i= 


— 
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= from 1.63 mills per kw-hr to 1.163 mills 
a” kw-hr; and the rate for secondary energy from 0.50 mill perkw-brto #####§$ 
0.34 mill per kw 
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| im 
y 
nd 
to 
ges —— 
ve 
lve 
Act 
— 
— 
her 
— 
sla- — 
— 
3 
} 


lie. W. ‘Warcuory, Esq., AND M. Am. Soc. C. 
4 problem of allocating the cost of an enterprise to the various services it renders 
i | oF to the commodities it produces is difficult, even when the | services rendered — ‘ 
Bee or the commodities produced are all of the same general kind. The problem of f 


allocation is still more e complicated for multiple-purpose or projects" 


ri 
which the services or products are of very different kinds. 


ort. Brevngit speaking, the so-called theories of joint-cost allocations, with the 


their names indicate; rather, are mathematical methods that arbitrarily 
ae assign responsibility for the joint cost to the various purposes of a project. — 
These cost- allocating methods are just as applicable toa single-purpose project 
with respect to the various users of its s services as to a multiple-purpose project 4 : 
with respect to its various purposes. It is not difficult to imagine situations 4 
where, for a single-purpose project, application of these cost-allocation 
A “theories would lead to inequitable a and discriminative results. There are many a 
cases in which the cost of obtaining a given service in one way has no conceivable % 
a relation to the cost of F obtaining it in another way; for example, the customers — 2 


to supply their own requirements privately at 
varying unit costs, depending « on their respective circumstances. There is no = 


> 


- basis for assuming that the cost to the utility t to supply these various customers 
CO 


oa would bear : any relation to the cos osts to such users to supply themselves. Since "4 
on) eg the application of the alternative cost or of any other method may lead to 
ol arbitrary and discriminative results wl when applied to > such | a relatively cme 
| ae case, it follows that the same result may be obtained when these same methods 
are applied to the more complicated problem of allocating cost for multiple-— 
purpose projects. stated by the author, however, the more generally 
accepted methods for ‘allocating the cost of a single-purpose project scarcely 
would be adaptable to a multiple-purpose project because of the absence of 
- common characteristics of the services of the various purposes of such projects. _ 
en Even for electric utilities, there is ‘ho one generally. accepted method for — 
Be, allocating cost to the various classes of customers. The reason that cost alloca- 
ss _ tions are made in such cases is to determine the reasonableness of the charge ; 
or to obtain a basis for ‘determining: what charges should be made. Reg 3 
a cordless of the allocation of cost and the resulting charges for services, the total — 


The justification of a multiple-purpose project, Road an engineering point hi 


les than the minimum 
<a is less than the annual benefits) of obtaining the same services otherwise. The 
total annual revenue, as for a single-purpose project, should depend only on the | 
be ek total ann annual cost of rendering the. servic vices, provided it is not greater | than the q 


prs minimum annual cost of obtaining the same services otherwise. Except for this 
; ics - limitation, the total annual revenue should be independent of both the cost of 


ane ae ™ Efficiency Engr., Pennsylvania Water & Power Co., Baltimore, Md. 
a late Pres., Safe Harbor Water Power Corp., Mr. Allner died on July 18, 1 1042. 
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the services otherwise and of ‘cost allocation that may be 

i nent only ‘reason’ for making a a cost allocation is to obtain a basis for the ¢ 

rates and charges for various services that will result in a total annual revenue ae, 

as nearly equal to the total annual cost as possible. — If it is the public policy — i 

“not to collect revenue for various services of government-owned, 1 wultiple- ie 


purpose and to make only nominal charges for others, the 


pers when it has been determined whether or not the project is 
4 justified; and the political decisions with respect to such projects, rather than ae 
ao the engineering and economic facts, should be based on the declared public 
e. policy. The answer to the question as to what extent, if any, it is the public — 
policy to subsidize such projects depends in turn | on the public’s knowing the 
true annual cost, including the controversial question as to the “cost of money.” 
gt The money invested belongs to the public regardless of whether the project 
is s “privately” o r “publicly” owned ; in the one case the ‘money i invested belongs 
to specific individuals or groups and in the other to the public generally. 4 The 
economics of a project do not change merely because it is sponsored by the 
government. — | An important difference b between the financing of a project ind 


n government ‘securities provided by its taxing powers, the government e 
; Saute able to borrow at a lower rate than a private enterprise. This does not 
; necessarily mean, as is is often assumed, that the cost of money to the ane 


private companies must usually provide substantial portions: of ‘equity. 
It is frequently forgotten that the government’s “equity” is provided by the 


_ taxpayers who must bear the burden of all losses suffered on account of i 


ents in such projects. ‘It is difficult to understand logic | that assumes the 
public places less value on its money and is willing for the money to earn a lower 
return simply because it was invested through the government instead ofa > 


private company. The answer is that the money used i in the same p project is 
worth the same, regardless of who made the investment, assuming equally — 
Capable management in each case, since the risks would then be the same. — 
Rone, it is not believed that the interest rate. paid by the government 


alone tells the entire story as to the cost of the public’ money used 


|) 
{| 
“such subsidies should be determined direc y 48 & matter of public policy an 
not indirectly (as is most often done), by means of a cost allocation. 
4 The questions as to whether or not a project should be subsidized and t 
x extent of the subsidy are politieal questions rather than problems of engineering 
— 
— 
a 
pe, 
the federal government, has much greater resources. An apparent 
. 
|. 
_ 
2 point more clear. The unevaluated portion of the cost of the publie’s 


WATCHORN AND ALLNER ‘ON N TVA] PROJECTS 


gf a fe used by the government i is the necessary sacrifice of the public to make : money 4 
> available to the government | for its various activities. — This fact has always — Be 
- “9 existed and is only made more clear by present conditions. For example, if -* 

oe one assumes no public debt (as a result of 2 pay-as-you-go program), the — Ms a 

ee % government would pay no interest on the money expended by it for any purpose. a 

- Should one then assume zero cost for the money spent by the government for E 

_ such projects? The fact of the matter is that there is no magic in government — & 
Pie! ownership, and the cost of money to.it is the average return demanded by the “e 
public itself for investments in reasonably safe private undertakings. Such 

a basis for determination serves as an indirect, but nevertheless reliable, method e. ia 

__ of evaluating previously neglected elements of cost of money to the government. = 

a ¥ The economic justification of the project and its true annual total cost t should ie be: 

Be 4 both be computed on the foregoing basis for determining the cost of money. 
a B. ‘The total annual revenue should be equal to this total annual cost to make the 4 


a project self-supporting. in However, it may be the public policy that no revenue — 
ee ‘be received from some of the | purposes es of the project, with we nousinels revenue 


is the pubic that no direct be ‘made for flood- -protection 
é'  —— only nominal charges be made for use of the recreation facilities, and that 
ac normal charges be made for navigation and power and energy. _ ‘The total 
irene cost of the — is $3,700,000, of which $300, 000 i i. the annual nswade 3 


made for the use of the facilities result in an revenue 
of $20,000. The problem is to determine the rates and charges that should be ¥ 
made for the use of the navigation facilities and for power and energy. Iti 
believed, as stated previously, that there is no correct engineering solution to 
ase this problem, in the scientific sense, and that the determination of the cost — 
a tc. allocation to the various purposes is necessarily arbitrary, regardless of how it 


= _. The total annual revenue desired is likewise a matter of publie policy, which — 
one may assume would be either (1) as large as possible, 2) approximately 
Si equal to the total annual cost of the project even . though flood eontrol is to be r 
a wholly, and recreation largely, subsidized, (3) equal to some specified amount, > 
ge eu (4) less than the total annual cost of the project by some specified amount, or 
ae 7 (5) equal to some specified percentage of the total annual cost of the project. ae 
It is believed that the underlying principle of the vendibility theory of cost 
(namely, that services and commodities jointly produced are mutual 
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the iidinunl cost for the most economical means obtaining the same serv wi ee 

. es _ The charges for each of the services should be equal to or less than the 

Fy smaller of (1) the economic rate (that is, the rate that would produce the 
‘maximum net income), and (2) the rate required to be paid for ane se it 


combinations of different amoitate of earnings on account of the various pur- oa! 
oses of the project. ‘Whatever the combination is that causes this excess, it ee 
is suggested that the reduction be based on comparisons of the unadjusted 
annual revenue with the annual cost of the specific facilities for each of the Bi 
urposes : of the. project, , and of the total unadjusted annual revenue with the = 
total povenhe desized. fous vol letot neitenhor betieab 
The simplest case results when the excess, if any, of unadjusted t total annual Ris 


_ revenue over the desired total annual revenue is derived from only one purpose ee 


of the project. This will be the case when there i is only one } purpose for which 
the unadjusted annual revenue exceeds the annual cost of specific facilities and 


this excess i is greater than the amount the unadjusted total annual revenu 


such circumstances, to further reduce the ennual revenues for those Be 
ey for which the unadjusted annual revenues fail to cover the annual cost of — 
Le specific facilities; and consequently, : such reduction should all be » applied to the 

one purpose for which the unadjusted annual revenue exceeds the annual cost Es 
Of specific facilities. However, in the event (even though there i is only one < 
_ purpose for which the unadjusted annual revenue exceeds the annual cost of: 
‘e specific facilities for that purpose) that the excess of the unadjusted total — 
< ae annual revenue over the desired total annual revenue is greater than such excess 
for that: one purpose, the situation becomes rather complex and 


_ If there are several purposes of ‘the project for which the ansdnesial aah 
4 revenues exceed the annual cost of specific facilities, there are, as brought out 3 
inthe preceding special case, two possible conditions, one of which is relatively 
5 simple and the other more complex. The simple condition results when the ae: 
excess of the unadjusted total annual revenue over the total annual revenue - 


desired i is less than the total of the excesses of the unadjusted annual revenues 

as over the annual cost of specific facilities for those purposes of the =roject or 

_ which there are such excesses. The reduction to be made for the simple case ~ 

f should be on a proportional basis to those purposes of the project eae 
To illustrate, assume for the example given previously that the unadjusted F 

annual revenue $1,500,000 for navigation and $2, 800,000 for power and 


whieh for. navigation is $1,100 “ns and for power and ener $1, 300, 000° 


If the total annual revenue resulting from the predetermined nominal rates 
or vertain and those determined in the foregoing manner forthe other | 
«| services (which may be called either separately or in total the unadjusted = a 
is greater than the total desired for the project (as determined by 
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unadjusted annual ‘revenues, together with» those from give 
. eX $1, ~, 000, or $605,000, and to power and energy =z x $1, 320, 000, , Or 


q a ie ‘The more complex ‘situations r result when the: desired total annual revenue of y 


| a the o computation of the ratio must be adjusted by excluding the annual cost of — 


$4,320,000 as the total annual revenue from the project. Ifthe desired annual 
a revenue is $3,000,000, the total reduction for navigation and power and energy ¥ 
ae would be $1,320,000, whereas the sum of the excess revenues for these e purposes 
a is $2,400,000. — The reduction to be applied to navigation then would be 


«$715, 000. resulting adjusted revenue for navigation would be $305, ,000, 


i, the project i is 80 low, i in comparison with the ‘unadjusted total annual revenue, — 
- that the necessary reduction is greater than the total excess of unadjusted — 
revenue over the annual cost of facilities for purposes of the projet 


& ri; cost of specific facilities would also be included here.) In order to make =4 a 


‘desired reduction in total revenue for such cases, not only revenues from other- 
Wise “profitable”. purposes of the project, if any, must be reduced below 


es Teas which when applied to the specific cost of facilities for any purpose will give - 
a a the adjusted r revenue for that purpose, provided t the revenue is reduced thereby — 


(that is, the revenue for any purpose is to. be reduced or must remain un- a 


ee The ratio to be determined must also satisfy the condition that ad- ae 


a. justed revenues (including those that r remain unchanged) must total to the & 


‘To illustrate, assume the same data for the project as ona used, 


= except that the total desired annual revenue is only $1,000,000 (that is, the 4 


subsidy has been increased $2,000,000 as compared with the previous example). ) 4 


— a3 The total annual cost of specific facilities, excluding those for flood control, is 
$2,000,000. This total multiplied by 50%, the ratio of the desired annual 
revenue to the total annual cost of specific facilities, would give the 


$1,000,000 total ‘revenue. however, that the 50% 
a ratio applied to the cost of facilities for recreation ($100,000) would give a a 
revenue in excess 0 of the $20,000 predetermined for this purpose. Consequently, 


me recreation facilities and recreation revenue. The total annual cost of specific 


as. oR, facilities for navigation and power and energy is $1,900, 000, and the desired 3 


after deducting $20,000 for recreation, $980,000. ‘The ratio of de- ’ 


“revenue, 


- a ae sired revenue to cost is then 0.516. The adjusted revenue for navigation would 
bee then be $400, 000 x 0. 516, or $206,400, and for power and energy $1,500,000 4 


xX 0.4 516, or $773, 600. The total adjusted revenue, including $20, 000 from — 


These two methods of distributing the excess of the unadjusted total annual % 
¥: revenue over the total annual revenue desired among tl the nore from. the 
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= revenue is just equal to 0 the. sum of the ¢ excesses of unadjusted annual revenues 
over the annual cost of specific facilities for those purposes for which excesses s 
This Sesame basis for determining the charges to be made for the various | = 
services rendered by multiple-purpose projects is not, in a strict sense, a ld 
er te allocating cost. It is merely a basis for the determination of the charges to | 
_ be made for these various services in accordance with a declared public policy, * 
Reto nly as to what ‘purposes of the project are to be puneeined, but | also as to 


. the author (assuming that the rates for the various services are based on the 
allocation) results in a subsidy for the project yas whole which Varies 
ey as the cost allocated to o the various purposes varies. The subsidy | increases 
ag the cost allocated to the no-revenue and small-revenue producing purposes — 
ee of the project increases. On the other hand, the application of the foregoing — 
suggested basis for determining the charges to be made for the various services a 
F.. of the project assures the return that is desired from the project as a whole in — oe 
accordance with policy, and the public policy as to purposes shall 
it makes available the various services, 8, for which normal are re to be made, 
- at the same or less cost than the minimum for which they could be obtained a 
nea otherwise. iv Thus, the beneficiaries of such services have no basis for complaint, — 
_ ginee they are not hurt, whereas the interests of the general public are ‘pro- : 
tected to.a definite predetermined extent. 
2 eds bas 9:14 lo ads wi add 


‘additional information “which: undoubtedly. will be of value to those 
_ interested in the subject. It is particularly gratifying to note that the rn 
_ cussers seem to be in substantial ‘agreement with the | methods used by the 
— Colonel Elliott agrees generally with the methods used in determining the | 
¥ este to be allocated to the various purposes of a multiple-purpose project, but — 
the: use of a cont allocation, ir in with reference to thes 


which to. begin i in making any. comparison. Tt should also be kept i in 
mind that the capital cost of the generating stations is only a nee 
small part of the cost of power and that transmission, distribution, and market- AG 
ing costs are not subject to allocaiion. . It follows that even if the cost of genera- 
tion for a public enterprise were 70% of the cost of generation of a private 
enterprise, the actual costs of at be more nearly equal. 
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different, or, for 
ic enterprises were different, or, fo 
ment, that the costs of private and public P 
; Jae he costs of construction or types of structures required i  _- 
| that matter, that the costs of cons ifferent. it would seem to the writer that c. 
| — 
00 
m 


Chandler in pe deteil, of the alters 
ae. native-justifiable-expenditure method which will greatly assist the uninitiated a 
in a better understanding of the problem. _ However, it : appears to the writer — 
aa that, in the use of the so-called ‘‘three-circle’’ method, simplicity of the alter- 
 : native-justifiable-expenditure method is sacrificed without much, if any, gain 
.. - im accuracy since a considerably larger number of estimates of cost are required. — 
LS Professor Grant raises an interesting and pertinent point by requesting | 
ley more information on the effect of ‘different plans of ‘operation on n the cos 


a 4 times, therefore, there cannot be any choice as to plan of operation; the cost =} : 
=4 allocations are made to conform with this plan. However, the Authority has 2 
in operation (among others) the Cherokee Dam on the Holston River and the x 


ae Nottely and Chatuge developments in the upper Hiwassee drainage basin, 4 
, —- by special appropriation of the Congress, were authorized to alleviate | 


a threatened power shortage in the region. During the hearings before the e a 
v 


Congressional committees on the bill authorizing the construction of these 


i" projects, it was fully explained that these dams were to Le operated temporarily 4 


i i the primary purpose of maximum power production, and that at the con- 
clusion of the war the operation of the dams would revert to the normal 
Phe i To conform to the realities of this situation, the writer is recommending 
that the. Authority ‘submit two cost allocations for. approval by the President | 
Ar of the United States—one to apply for the duration of the war and charging 
oe a the entire cost of the additional developments t to power, , the other to go into ; 
oe effect after the Congress has declared the war emergency to be ended and 
giving effect to the planned multiple-purpose operation of the 
ts It is interesting to note that the methods used are sufficiently flexible to 
* allow for this difference in operation as well as sufficiently accurate so that the 
difference in operation does not disappear in the process of allocation. rote oo 
‘Mr. Woodward’s discussion is a worth-while addition to the conception of 
allocations, and offers an alternative allocation principally involving the cost 
en. of Hiwassee Dam and affecting only the allocated costs of navigation pererie ; 
~" _ Mr. Arledge summarizes clearly and concisely the various steps taken by 
the Congress with regard to the financing of the Boulder Canyon project. 
4 This discussion contains much valuable information which the individual 
engineer could only find after considerable research, if at all. The remarks of — 
_ Mr. Watchorn and the late Mr. Allner do not appear to be particularly pertinent — 
fe to the solution of the problem of cost allocation of the TVA projects as directed 4 


In conclusion, the’ writer wishes to express his sincere to: 
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Discussion BY I. K. K. SILVERMAN, Dana Yours, 


: BS tion and moments i in the vertical side walls of a rectangular t tank which isopen = 


Soa ‘at the top. More precisely, a a formal analysis: is made of a rectangular plate 
3 that is entirely free or unsupported at the top, perfectly fixed along the sides a 


and bottom and subjected to a transverse hydrostatic certain 


ad tox 


att Jed 


7 
| 
— 


¥ 


— cases that t this a analysis applies. For a tank that is nent in n plan and with a fe 
3 perfected fixity at the sides and bottom would be closely ap- a. 


assumed edge ‘conditions would not prevail. This analysis" may be to 
ar the solution for an idealized case and ‘the designer must use judgment los Bes 


applying the results to a particular problem. 


Nors.—Published in November, 1941, , Proceedings. 
Prof., Applied Mechanics, The Univ. of Texas, Austin, Tex. 
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at of a tank wall. ‘The 


There possible. besides that of a “tan 
oa ceattatl slab in a counterfort 1 retaining wall may be considered as such a plate 


providing the bottom edge is for fixity. The f flat ‘slab of a buttress 


dam i is in the same category. ote 
‘The analysis given herein is - ti on the so-called ordinary theory of bend- — 
ing of thin plates. According to this theory, the load on the plate and the a 


shape of the deflected surface of the plate are related by a partial differential 


equation. An analysis of the problem involves finding a solution of the differ- > 


ential | equation which also satisfies: the specified ed edge conditions fo for the plate. 
After this deflection function is found, the bending 1 moments m may be determined — } 
from the second derivatives ¢ of the function. 2. The derivation of the differential 1g 


equation and the ex expressions for n ‘moments, shears, and reactions ove given by 


vii 


hel INTRO N 

The theory of the bending of plates used in this paper is based upon 
a 


assumptions that must be considered in interpreting the results of the analysis. 


= 
re oa " The principal assumptions may be noted briefly. The plate is assumed to ee — 
homogeneous, isotropic, and of constant thickness. The thickness of the plate 
ie is small compared with its lateral dimensions, so that the effect of shearing a 


Bes _ stresses on the deflection may | be neglected. _ A line that is normal to the plane | 
the plate before bending remains straight and normal to the 
: 52 middle surface after bending. _ The deflections are small compared with the 
- thickness of the plate, so that direct stresses due to ‘stretching of the middle 
os surface may be neglected. — _ A rough rule in this regard i is that, if the deflection _ i 
m4 is less than half the plate thickness, the theory i is ‘satisfactory $ + Most plates 4 
or slabs used in engineering structures conform to , these assumptions closely 
= 4 enough so that analyses based. on this theory se serve as reliable Rae for parm 
Nadai® and Nathan Newmark,’ Assoc. M. Am. Soc. have presented 


detailed statements of the Telation of f the — of f plates to > experiments an iia : 


neglected. No difficulties would be caused by ‘including this 
item, but ‘the arithmetical work would be greatly inevensed.- 
~ Poisson ’s ratio has no effect on the moments at the clamped edges but doe oes 
rire leet: somewhat, the | moments at interior points and the conditions at the 
: free edge. . Corrections to the interior moments for any given value of Poisson’ s 4 


“Theory of Plates and Shells,” by 8S. Timoshenko, McGraw-Hill Book Co., Inc., New York, N. a 


Die elastischen Platten,” adai ringer, Berli 
tten, by A. Nadai, Julius Spri in, 1925. u ai 


«Theory of Plates and Shells,” by 8S. Timoshenke, McGraw-Hill Book Co., Inc., New York, N. Y., = 


So *“What Do We Know About Concrete Slabs?” by N. M. Newmark, Civil Engineering, September, ae 
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» they are 


p prot 


=0.. 


? of a distributed lateral load; and y are the rectangular in nthe 
Plane of the middle surface of the plate; a and are the dimensions of the plate 


BS | Eis the soda of ies of the plate material ; his the thickness 

of the plate; and m represents Poisson’s ratio. The difficulty in solving this 
problem arises from the fact that there is no known procedure for solving the 
differential equation subject to these boundary conditions. The most general 

solution for rectangular plates is the one due to Levy*® which uses 8 for the deflec- ; 


as, 2,3 --- to © in successive terms of the series). The solution requires that 
. the plate be simply supported along two edges and any boundary conditions 


. Therefore, it cannot. be applied 
directly to the. problem at hand. — However, it is possible (in a manner some- =e 


what analogous to that proposed by S.. Timoshenko’ for plates clamped at all us ic 


aoe edges) to solve the problem by a a proper combination . of. several loadings, 


each of which isoftheformofEq.4. 9 


_ * “Die elastischen Platten," by A. Nadai, Julius Springer, Berlin, 1925,p.120. 

Bending of Rec lar Plates with Clamped Edges,” by S. Timoshenko, Proceedings, Fifth Inter- 

national Cons. for Applied Mechanics, Cambeiige, Mass., 


letter symbols in this 
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yt: 
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Ce 
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Eq. 5a) 


y 


od? 916 bias 


“the distribution of which along the edges is taken in the form of a trigonometric af S 


series s with undetermined coefficients Bass: Fig. 2(c) is bent by r edge moments 


ee and Fig. 2(d) is bent by 2 arbitrary edge reactions at y = 0 of the OAs 


Ba sitions paeptildieedar’ to the z and y axes, respectively; Rz and R, are the 
Teactions: per unit length of plate along edges perpendicular to the xz and 

‘ - axes, respectively; m and k are integers, with values as indicated on the s sum- 
mation signs; and F,,, Rx, etc., are constants. The boundary 
at the edges of these plates are as shown in Fig. 2. ‘The deflection surface for 


<- Aes each of these plates may be obtained by ‘Levy’s’ method and then these four ee: 


a solutions combined i in such a manner that Eq. 1 and the boundary conditions, Ss 


cor 


ame: the of the coefficients Pm, Ep, and be 


Eqs: 2, are satisfied. ‘This leads to a set of simultaneous algebraic equations 


the four cases f edges. od at y =b, a 
= 0. Fig. 3 (5a) 

P 

4 
| 
= 


of obte‘ning the deflection equation for the four‘ cases will 
by considering Fig. 2(d). Results for the. other cases, 


Was 
DEFLECTION Equation FOR Fia. 2(d) 
enote the deflection in this case by ws. - 


Jateral load on the plate, the differential equation (Eq. 1 


; 


in which Y; function of y alone. Substituting Eq. 8i in Eq. 6, thie 


e four constants in Eq. 9 


a, (1 — tanh? 


a) 


+40 


al to- ke 


. 
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art 


liv 
ae te ~The deflection equations for the other ea cases are d ‘derived i in a sitnilar manner; 
qs 9 sui logie Novy 


7 cos — — 
Ams k —— sinh —— 


the equation f for Mig. 20) i is: 
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Coefficients Pry , Ey, and Rr are to be so determined that the boundary con- 
ditions in 2 will be satisfied. ‘Thus, for the the slope is 


X (Bm tanh Bm cosh 


» 20D 3 tanh + (1 tanh? 


_ Before substituting the two slope expressions | in Eq. 17, it is equ 


(1+ (1 — tanh? abt +3 _8(-1)? FB 


dmc 


will one equ dation of the Eq. 19 for A, 
canes and each of these will have an infinite number of terms on the right- ; 


In a similar manner, from the condition that ane ae 
4 


= 0) ‘must be zero, the following. system of ‘equations is obtained: 


= ann Ry — 
sined by superposition of — 
itm 
— 
5) 
— 


"1.0228 = — 0.6366 F, 0.2037 - 0.0764 F; + 0.0352 Fy 


RECTANGULAR 


id 


cosh? 


at ey [t tanh ak qa 


4 


and Ry. Each one defines an infinite system of equations with an infinite 


number r of terms. To solve these ‘numerically, it is necessary ‘to assume that | 
the series converge and to neglect all terms higher than a given order. The 


_ This completes the solution of the differential 5 
a 1 for the. specified conditions. The moments at any point may 


= then be determined from the known relations of the plate theory. { Por = ia 


"ining that Poisson’s ratio is zero. oved Hiv to. oes 


an example, assume a tank with square sides for which | a=b; in 


Me arch of Eqs. 19, 206, and 21 take only the first four terms of each series. Then 
+ Kq. 19, using m =1, 2, 3, and 4, and taking k = :1, 3, 5, and 7, successively, — 


the numerical values of the constants may be computed to obtain the four 


bi 
1.0000 Es = 0.2202 F, — 0.2712 F, + 0.2122 Fs — 0.1467 
10000 Bs =- 0.0942 F, + 0.1514 F: — 0.1652 +0.1515 
1.0000 0.0499 F: — 0.0888 Fs + 0.1113 Fs 0.1181 
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Calculation of the constant: in 20b gives the s system: 


3.0000 F, —'1.9200 F: — 1.3200 Fs ~0.9965 Fy 
— 3.1410 Fe 
= 1088 + 2. 0335 + 2.6718 Fs + 3.0220 F, 
from Eq. 21 


AL 0.4314 0.0382 Es + 0.0094 


1.0197 0580 “+.0.0903 — 0.0303 


0.0127 E; — 0.2608 a R; + 0. 0156 a 
9.0028 a Rs + 0.0008 a = — 0.03474 | 
1.0014 Fa + 0.2640 E, — 0.1063 Ey + 0.0496 By 


= 0,0068 a Rs + 0.00244 R; = — 0. 03485 OY @ 


There are now 12 unknowns in 12 simultaneous equations. “8 
equations yields the following values 


0043 = — 0.0011 y 


‘The be bending moments and the deflection at any ‘point may now be com- 


puted, the results being shown in Figs. 
oe The numerical values given are approximate due to the fact that only Sie 


terms were taken in each series. _ However, each of the functions used satisfies 


a the differential equation and gives zero deflection along the sides and bottom 
of the plate. 5 The inaccuracy arises from | the. fact that the > slope at these 
a “edges will not quite be zeTO, and the top edge will not qi quite be free, unless an 

TABLE 1 —Nomericat FOR EpGe SLOPES 


in table are coefficients that should be multiplied by * to obtain 
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oo iii 
is = 4 
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in 
~ 00401 | 0.00122 | 0.00060 | 0.00003 
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RECTANGULAR TANKS 


obtained by computing the actual slope along | the edges: for the problem a8 5 
solved. f Results of such a calculation are given in Table ‘1. From this it j is 
Se seen that the actual om slopes remaining are only a few per cent of the cor- 


=-0.0270 Ya? 


a? 
-0.0210 Ya? 
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~(My), «07 -0.0353 
u od don got odd bos ole od jon 
be that the values fou this. example are sufficiently accurate 
repeat: The ordinary ‘theory of bending of plates, and the results found 
be ae it, ‘are valid only if the deflections are small compared to the wall thick- : 
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CTANGULAR TANK 


condition may be readily investigated for any ‘particular design. 


is 
For ine take a steel water tank with sides 100 in. . square. < 'T he maximu 
moment per linear inch is M A 0. 0.0853 x 100° 


— 1,280 in-lb per in. an allowable bending stress of 18, 000 
= 1,280; from which h = 654 in., say — i6 ‘The m ma) 


mum deflection i is given ven by w = 0.000805 = = 0.33 in. using B= 


Ib per sq in. and zp = 0.3. 


5 3 io 

q 0.33 st about the maxim 


This gives a ratio of deflection to wall aoe iad of 


um 


This same problem has bese: solv: ed by inv 


tions containing arbitrary constants which he determined numerically 0 

‘satisfying the boundary conditions at a finite number of points along the edges. _ 
«Ais final values for the moments and deflections check, very closely, the values = 

given | herein. Calculations by the method of finite differences have been made | 


A. ‘Smotrow* for the same problem, using 4 network of 36 squares. The 
moment values thus obtained are e appreciably smaller than those found in this o& 


paper. For example, the maximum moment at the base is given by Smotrow — 
a8 0.030 v¢ a’ as compared to 0.0353, y a* given in Fig. 3. . Thisi is to be expected, — 
: and it is believed that a closer network of points would have to be taken in the 
finite difference method to obtain the accuracy of the superposition method _ 
__ used he herein, . Smotrow also completed 
Moments ‘FoR PLaTEs oF PROPORTIONS 


j 


Calculations have been given, in this paper, only for a plate in which 


ratio of the height to the width, is ‘unity. Having t the mo moment values for 


SS - this case as a standard of comparison, it is possible to approximate moments for . 


Plates with other tatios | by the consideration of known solutions of plates 


with the same loading’ but edge Bhan! 
_ Consider first the moment M, at the center of the base of Figs. 5(a), 5(b), 
and 5(c), all of which carry the same hydrostatic load. Fig. 5(a) is the one eS 
treated i in this paper. Fig. 5(0) ‘is ‘similar except that the top edge is simply 
- supported, whereas Fig. 5(c) has simply supported side edges and is the same — 


as Fig. 2(a). It is clear that the base moment for Fig. 5(a) will be greater 


for Fig. 5() and less than for Fig. 5(0). . For values 0 of Sreater thar than unity, the 


3 4 “The Analysis of Rectangular Plates Under Various Loading and Boundary Conditions,” by P. T. 
_ Cheng, unpublished research work at Univ. of Minnesota, Minneapolis, Minn.,.1940. = 
und Leni von by A.  Smotrow (in Russian), Staats- Verlag far Literatur dn Bauwesens 
oak u un 
i» 
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rent 


‘= 


calculated from Eq. 12. In Fig. 6 estimated values for Fig. 5(a) are indicated 4 


¥ by the broken eurve drawn through the control point at - , ‘land approaching 
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AN : 


Fig. Sta) ethanol 


nt, 7 
— 


= idel 


Moment Coefficie 
— 


Yo rite siq. 
Fe ae am ity For the edge moment at the midpoint of ‘each side, it seems reasonable to a 
ey eo) assume that the value for r Fig. 5(a) will lie between that for Fig. 5(b) and that = 2 
for Fig. 5(d). Values for the case ‘represented by Fig. 5(d) are given by Pro- 


— fes 
"228 dal 
— ce 
— 

— 
— 
— 
| 

— 
an 
As 
fle: 
fle 
fou 


| say from to 5 die- 


| O= oan 


Fre. at CENTER oF Sipe: M; 


3 tribution a moments along the base may be taken ‘senna and eg 


sides ‘ay | be conservatively considered as constant over the. ‘middle and 


tae 


The following letter symbols, adopted for use in this paper, conform e es 


ay 


1982.2 % A few obvious conflicts—such as D (standard symbol for diameter) = 
flexural rigidity and w w (standard symbol for uniformly ation load) = 
flection of plate—have been introduced to adapt the notation commen terms 


found i in current literature on flat plate analysis. 
we =a constant ; with subscripts m or k, the aymbols vi BE. K 


1 “Theory of Plates and Shells,” by S. Timoshenko, McGraw-Hill Book Co., I 
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Curves for Figs. 5(0) and 5(@) are p 5(a) is indicated by 
fessor timo s cited and the assumed curve for F ig. 
date in the references cited an 
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= length of the plate in the y- -direction ; apalard 
= flexural rigidity of the plate (see Eq. dj fod at at 
= modulus of elasticity of the plate material; see also nab Ye dared 


= (sce A); 


h = = thickness of the | plate; 
= an integer ; see under A; 
= bending moment; M, and M, are per unit length 
of plate on sections perpendicular and y-axis, re- 


an integer ; see e also under A; 


intensity of a distributed lateral load; 


unit reactions ; Rz and R, are the reactions: per unit length o of the 
plate along edges perpendicular to the z-axis and y-axis, respec- 

= deflection of the plate at any point; 


{ 
nati an abscissa; z and y= rectangular coordinates i in the Pane of the - 
middle surface of the plate; --------.- - 


2b 
water; wei ht er ae volume of 
eight per 


ts = Poisson’s ratio; 
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K. Assoc. M. Am. Soc. C. E —Bveo with such a tractable 


re of : = equal te unity, the amount of calculation involved in the solution 


"offered by the author is ‘great; and it is probably for this reason that 


_ Professor Young resorted to the “roughing i in” of the curves denoted by 5(a) 
in Figs.6and7. For determining the character of these curveny! a A single control Se 


‘point and two limiting curves were available. 
comed. ‘Such an approximate | solution i is available’ : and the accuracy 
fortunately the Marcus approximate TABLE 2. or C Fo 


thod was applied to the ‘ratio? 
= 0. 5 for (a), Fig. 5, end 
sults for this case must be compared 
with values from Curves 5(a) of 
Figs. 6 and 7 which are | approx- 08 0 


method was applied to case Fig. we 


5, and Table 2 shows the values obtained by Mavens for « cases 3 (a) and (b) co 
pared with those taken from the curves of Figs.6and7. = 
ae It is seen that the results of the author’s method and the Marcus appro i- 
sate solution a agree fairly Pre for ¢ case se (0), but there is quite a discrepancy i in 


can be relied upon. - Another distinguishing feature is that the Marcus solution — 

- forb/a = 0.5 shows that the maximum mene of M, occurs at z = a/2, y= b/4, ; 

and its value is 0.0507 

he As the author ‘states, ‘the solution given i in the paper can be ‘applied to 
counterforted walls subjected to hydrostatic pressure by assuming constant e 
_ thickness and fixity at the base and counterfort. © An interesting problem is 

analysis of the part of the counterforted wall, “ABCD (Fig. 8(a)). Not 


4 only are the questions of moments and shears of ‘interest, but the erie 


4 


es 8(a) with b/a = unity and obtained results as shown in Fig. 8(b). | 
ws < 1 the Marcus is not when applied to plates ABCD 


— 
4 
— 
By 
— 
a 
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— 
a | 
| 
tate “roughed i,” no deft statement ean be mae conering 
accuracy of the Marcus method until a mathematically exact solution is ma % 
of curves 5(a), Figs. 6 and 7, using the Young method. _ Howeye 
4 
‘4 bore aS 
— 
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_ ‘ 5 line AD shall be sensibly the same as that of a cantilever of the same heigh a .- 
4 
hing tern mi Marcus, Der Bauingenieur, 
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M. —The comparative data presented by 
Mr. Silverman i in Table 2 are very i interesting, and it is satisfying to see that 
AS the results are in reasonably « close agreement. In drawing the curves 5(a) of 
= ‘Figs. 6 and 7, , an attempt was made to provide design data that would be on 
er the safe side. The significant fact is that the actual moments are BS NB, 
than for a vertical or horizontal b beam strip. gt 
i The calculation of plates under any except the simpler boundary. conditions| 
k is at best a tedious task, and it is no expected that the detailed calculations 
e made by every designer. ve i ‘ortunately, it is not necessary to. do so, a 
e than it is necessary for a designer to integrate ‘the equation of the 
Bd elastic curve every time he wishes. to know the moments in a clamped beam. 
A table of moments for all useful cases is 3 what i is needed; the results given 
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There has been a growing interest a and attention among traffic 


a The effectiveness and usefulness of the highway are increased by proper dom £k 


just as the proper use of a mechanical article of ‘merchandise i is insured | by clear 
and adequate instructions on the box. tt 


There are two characteristics of properly designed pail icine} 1) They 
5's ‘must be readable and they must give | the motorist sufficient warning to permit 
ay making the maneuver comfortably; and (2) they must be designed so as to gain 
the motorist’s attention. _ To gain attention (characteristic (2)) is a complex 
_ problem which deserves separate treatment and is beyond the scope of — 
paper, Since certain. standard ¢ color combinations are now agreed upon by 


state and national highway agencies, these standard ‘color combinations will 


FUNDAMENTAL Factors IN LETTER Size 
On the of. measurements that have been made of factors 
Bee Lor in the readability, or legibility, of a sign, it is possible to derive methods 
and formulas f for practical determination of the minimum letter size necessary 
make them effective under given traffic conditions o on the highway. 
It is obvious that the size of the letters must depend not only on traffic - z 
characteristics (since drivers need more warning at high speeds), but also upon 


_-vision because the effectiveness of sign cop y depends upon what the driver can 


 amethod of the size of letters on highway signs. Tocompute the size of a letter 
- for a highway a= it is necessary to consider design speed, the location of the 


Traffic Engr., State Highway and Public ¥ Works Callie Raleigh, N.C. 
Bureau for Traffic Yale ‘Univ., New Haven, Conn. 


Fe 
>. | 
= 
= 
= 
— 
— 
@ — 
— 
— 
— 
a. 
3 
i 
— 
— 
y 4 
| 
see.. Knowledge is now avaiable irom studies Of these Various [actors to set up 
a 
: 


sign , warning time, type of letter (letter proportion), Leaibility distance. 2 
= The following sub-factors influence the determination ¢ of warning time: Time a 
i for the minimum glance, 1 safety factor i in case the sign is not seen at the first . © 
possible moment, perception-reaction time, and stopping or deceleration time 
as necessitated by circumstances. 
Design Speed.— —Design speed may be defined as that speed at, or below e 
which, a certain proportion of the vehicles operate at the location in question. 
; _ The proportion (or percentile speed) used by different engineers has ranged 4 
ss from 80% to 90%,* and D. W. Loutzenheiser, Jun. Am. Soc. C. E., in 1940, q 
oe vie _ reported‘ an analysis of speed data in an attempt to derive a similar definition 4 
‘aan ae for the design application. _ This report indicates that at least a 90 percentile a 
4 speed is desirable. Since the higher "percentile v value results in a higher speed 
a and a longer warning g distance, it represents the conservative choice; and the © 
Bars +9 90 percentile speed of vehicles operating on the highway at the point to be Ss 
‘signed i is to be recommended for the design of sign-letter size. 
Obviously, it is not practicable to make a “spot speed study” at all points 
along the highway, and since most highways in open country show similar - 
_ speed characteristics throughout certain sections, it is sufficient to use one — —- 
speed determination for such sections and another for special conditions, such 
i: 


as suburban and congested urban conditions. At special locations, such as 4 


 eurves, the techniques now in use for speed zoning would be continued. Thus 8) 
the ‘spot speed check ight be replaced by the use of a speed determination 3 
from the ball bank indicator, calibrated for such special ‘application. li 
¥ Sign Location.—The position of the sign on the highway will influence the 
necessary letter size longitudinally and laterally. In the first place, the sign 
placed ahead of the hazard will allow the use of a smaller letter size, 
= one at or behind the hazard will require a larger letter size if the driver is to om P 
a +4 it at a given distance or warning time away. In the second place, the lateral — q F 
aS an - placement of the sign will influence the point at which the driver's gaze must 4 8 
Ss are leave the sign and return to the road. ‘Longitudinal placement i is illustrated ¥ 
_ diagrammatically in Fig. 1. If the driver of vehicle 1 is to read the sign at the - FE t 
pit indicated, and if On 0 represents the point of hazard or the point at which oe 
the maneuver must begin, a sign p placed ata distance A ahead of this point will I 
= a smaller letter size than a sign placed ata position A’ behind this point. ae 
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LETTER SIZES 


warning distance in deriving the 1 necessary legibility distance. 
Whether the signs should be placed at position A’ or at position A involves 
the question attention Values, which is of this paper. 


the position of vehicle 2 which the driver’ ine a sight must leave the 


ba. ugie (1) 


eee ee 


2 as which Bi is ‘the eo in feet oom pty sign to the center line of the traveled 


lane. uf ‘The clearest seeing occurs* i in a small zone in the center of the visual field 4 


“this 5°, , the degree | of clear vision reduces rapidly until at about 10° (5° to al a 
a side of the line of sight) there is a sharp break in the acuity curve indicating —_ " 
 thatina position m more lateral than this, the vision | experienced in t the periphery * 5 2 
the: eye is of the fuzzier type. ‘The driver ordinarily glances about the land- 
Seape: with short quick movements, resembling flashes of a highly 
° ey e movements 
a line of the traveled “peng This \ will allow some part of the traveled lene to 


remain in the 10° cone of fairly clear vision up to to about | 50: ft ahead of men car. 


houlder this lation, if B is 17.5 ft (one half of the 10-ft plus a 10-ft 


A 


tudes involved. The position of vehicle 2 should be in 
unfavorable for vision of the sign i in the location in question, 
iw Warning Time.- —The importance of thinking i in terms of time in ‘order to 
i. allow the driver sufficient warning has already been mentioned. Since the 
E- process of reading, as well as the perception and Teaction of the driver, may be 


a assigned | fairly definite time values, and since the use of time values i ek a. 


corrects for the greater distance at higher speeds, they are fundamental. 


If sufficient warning time is given the driver ‘and if he is duly impressed with the 


‘nature of the hazard to which he is coming, he will be able to operate comfort-— 


and without any surprise element. To be adequate, warning time 1 must 
allow for: (1) Minimum time for reading, (2) a safety factor in case the sign is > ing ae : 
seen at the first possible instant, » (3) perception-reaction time, and (4) 

stopping ot or deceleration for the ve’ ved.’ Ordi- 

_ narily, the first three of these time values (those in connection with reading and ee = 
| perception reaction) will pass before any slowing occurs. Therefore, they may mie 
_--—- #“Textbook of Physiology,” by W. H. Howell, W. B. Saunders Co., Philadelphia, Pa., 1940. = 34 


— 
illustrated in Fig. y the position of vehicle is point, the line oi 
sight, as the driver is looking at the sign, w 
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be treated as pure time values and converted into distance values by multiply- ; 
Minimum Reading Time and Safety Factor —The shortest possible glance 
tad from the road to read the sign and back to the road consumes from 0.6 to 1.0. 
sec. During tl this glance the maximum amount of copy which can beread by thé 
; ee ordinary person is from three to four familiar words.” This time value. results 
we 4 from the fact that it takes approximately 0.2 sec for the eye to stop, focus and — 
| read, and another 0.2 sec for the eye to start and move through one of the 5° | 


» To be conservative, therefore, 1.0 sec is adopted as the time 


the shortest possible glance at both the road and the 
If more than three fam iliar w ords are included i in the copy, it has been shown 
=, 


se¢,* and such signs, therefore, are impracticable on high-speed hi ghways. 
_ Where tt they are unavoidable the reading time should be increased by one second 
*,. for each additional three or four familiar words, thus making allowance for the a 
driver to glance back to the road between glances at the sign, 
a < It i is Still necessary to add a time interval as a safety factor i in case the sign & 
is not seen at once. The smallest | possible ‘safety. factor-is one 1-sec. 
that i is, the minimum reading time i is 2 tg, in which to is the time required for a f 


in which N equals | the number of familiar words on n the sign. If f the ue a 


geen it before he is able to read it, and Eq. 3, ' with 2 sec as an absolute minimum, 


will guarantee him time to read the sign twice unless something distracts him or 4 


Perception- Reaction Time.—It takes time for ‘the and més: 


cular system to react, just as it takes time to complete a call through the 
_ telephone exchange. - _ This time value increases as the complexity of the process 
___s inereases, so that there i is a range of time values that may be. classified under 


three headings in order of magnitude—that i is, simple brake-reaction tijae 

as that in an emergency situation (from 0.5 to 0.7 sec),® perception-reaction — 

time in ordinary traffic situations of medium complexity, finally, judgment 
23 


10° 
Pereeption -reaction time (2.8 to 3.5 sec). ww 


__ The perception-reaction time needed to observe signs is intermediate be- 


the longest time interval. Interpolated between the values of these two, 


_ 7“ Method for Analysis of the Effectiveness of Highway ‘Signs, " by T. W. Forbes, Journal of Applied 


s “Improvement | in Highway Safety,” by A. R. Lauer, Proceedings, Highway | Ruben Bd., Vol. 12 


_. ®Driver Test Results,” by H. R. DeSilva and T. W. Forbes, Harvard Traffic aitibe and WPA of 
Methods of Measuring Judgment and Perception Time in Passing on the T. Ww. 
ins Proceedings, Highway Research Bd., Vol. 19 1939, p. 218." 
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will not be far in ‘error to assume 4 vaseationd -reaction time of 1.5 sec or sign 
Deceleration Time. —Consider a point at which some vehicles are decelerating : 
aah i 1) while others are continuing with practically no change of speed. ‘This se 
ease is best illustrated at grade-separated intersections where some drivers are 
F: oadianaiiee and turning off while others are going on through the intersection. 
: Obviously, those drivers who wish to turn off must have the time and distance i 
to decelerate comfortably; and at th same time tl those who proceed at | initial oe 
velocity must have sufficient warning to choose the correct lane and to avoid. Me 
incoming and outgoing vehicles. Somewhat similar conditions hold for inter- 
sections at grade on low-volume high- -speed highways. 
: _ Areport by J ohn Beakey," in which the speed checks were m made o on vehicles 
i yneneorns a stop sign at a rural intersection, indicates that the general driving 


utilized 10, sec on the average for from 55 


in this study are it- will be found that deceleration to 20 
: ‘miles per hr in each case approximated 8 sec. — These measurements would seem re 


to justify the use of a value of 8 to 10 sec for comfortable deceleration time on 


_ most highways. Since this paper is dealing with the minimum values for 
Mg necessary warnings, the lower value of 8 sec will be adopted. Deceleration to 
20 miles per hr was chosen as being applicable in the e majority of ‘highway inter- 
——seetion applications. ‘Time values for higher final speeds are given elsewhere. Ais. 


_ Regardless of the speed at which they are operating or the point at which - as 
they begin their deceleration, various motorists whose vehicles were checked give 
themselves about the same time to decelerate. The motorists traveling at 30 

miles per hr or less could have decelerated in a shorter time if they had desired. 


it Tt may be assumed, therefore, that 8 sec ¢ represents : a comfortable time to the 


VitVy , MOL ai Sac Solving 
‘ erefore, = 8 sec and V;, for warning distances will 


3 allow sufficient time and distance for both the high speed and the decelerating — 


2: Dats When all cars must come to a stop (case 2), the stopping distance is’ the con- 
.,: “must be such as as to allow the motorist 8 sec or more in order to satisfy the time 
BS requirement for comfortable operation as derived for the case of simple decelera- 
a tion without stopping. Transforming Eq. 3, 


n which V; is in miles per hour, V, equals zero, and ais in feet 


‘Acceleration and Deceleration Characteristics of Private John Beakey, 
Research Bd., Vol. 18, 1938, Fig. 9, p.81. 
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speed, a similar time interval should be allowed for weaving and dodging incom- 
3 ing or outgoing cars. Since the through speed will be V; (which is assumed 
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Case 1.—For this case, utilizing the pri values for simple 


in which V; is the gui speed (90 percentile speed of approach Se of through i 

‘Bid Case 2.—If the distance necessary to stop comfortably results in a cor . 
_ responding stopping time greater than that shown (case vy the stopping distance % 


Deceleration and 


which V;is initial velocity in miles per hour, V, is the final at deceler- 
ation (which becomes zero for a stopping distance), and a is the deceleration a 


feet per second per second. ‘The stopping distance thus becomes: 4 


‘ing time, and must fi ulfil the of safe stopping under adverse surface 


ws a time of 12 sec for a stop from 55 miles per! hr, which, pei ame : 


deceleration from which this average value was computed ran 
a high as approximately 12 ft per sec* as the vehicle approached the actual 
_ stopping point. A report by E. E. Wilson™ in 1940 indicates 8.6 ft per ‘sec? 


to represent a comfortable deceleration by drivers and 


range chosen by motorists. Maximum values will be much 
__ higher, of course, but this does not concern the present application. 


recommended that an average deceleration value of 4 ft ‘per ‘sect be 


ost stance, in stopping from 30 miles per hr, 8 ft er s sec gives % 


eee 5.5 sec, which is an inadequate | time value. The deceleration 
~ s of 4 ft per sec* raises this value to 11 sec, which is adequate. Furthermore, 


Ma _ 18“Skidding Characteristics of Automobile Tires,” by R. A. Moyer, Bulletin No. 120, Iowa Eng. 
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since thi s value corresponds 


= 1.47 X 11.5 V; 


of friction of = 0.12, it 
hould be adequate for icy conditions." Therefore, the sign 
DIsTANCE 


ray Having now determined all the components of warning ti time and warning 


distance ‘and explained the basis ‘upon which they have | been derived, it | is 


- possible fa assemble the factors to yield the total warning time and warning te 


LE 


1.—For case 1 the total warning T is given by 
in which ¢, is the time for a single glance at a sign, tp is perception-reaction A 
_ time, and ¢4 is deceleration time. Assuming phrases of not more than nme 
familiar words and substituting the value derived previously, this becomes ~ 
T - 2.0 + 1.5 + 8.0 = 11.5 sec. When the sign contains a greater number — 
of words, the first term must be increased accordingly. ts” a 


in which V; is the sign-design speed of the highway, and T is s the total warning a 
time. For convenience, it is suggested that the time value be 


TyprcaL WARNING DisTANcEs, X, IN Feer* 


bg 


an intersection at 20 miles per hr 
Stop at an intersection 


Level grades have been aasumed 


_. sec, giving X= 16. 2X V; in miles per hr, or X = 11 X V; in ft per sec. 


‘This will yield a warning distance in which ‘the ‘sign placement and design 
should allow the sign to be read at 810 ft for a design speed of 50 miles per hr. © 


Other values are given in Table 1. 
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the stopping distance defined by Eq. 7. the ¥ 


od etotoe} aldins 08 V2; 


in n whi ch V; is initial or design speed i in miles per hour. re As an example, @ a stop 3 


257 + 675 = 932 ft Table 


Having determined the total necessary distance x (see Figs. 


= Re o Legibility distances for letters of different widths" have been determined in 


an extended series of tests using from n 100 to 250 different people as 


a elie illustrating, if cs 932 ft, A = 400 f ft, and a wide letter is is ( to be us used: 7 


= 10.6 in., and a 12-in. letter is tt Jit 4 


is quite possible to locate a sign so far in advance of the hazard that this com 
-putation would call for an : absurdly s small letter height, the position chosen for 2 
= the sign must be checked. The distance D must be great enough to 


Conference on Street and Highway Safety, Washington, D.C.,1987. 


ope “Legibility Distances of Highway Destination Signs in Relation to Letter Hei ht, Pag? Width, and 
Refiectorization,” by T. Forbes and R. 8. Holmes, Proceedings, Highway Researc! , 1939, Vol. 19, p. 


“Manual on Uniform Traffic Control Devices for Streets and Highways,” A.A.S.H.O. and National 
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For a sign with three words or less, D 1.47 ATViX2t. 
1.— —When some cars proceed, some decelerate, but none 


the design speed i is determined first by computing X from Eq. 9, or reading it 


. from Table 1. If the sign is to be 400 ft ahead of the hazard (A = 400) the 


Ds! necessary legibility distance L - = X- wi — 400 ft. Next obtain the legibility per 
inch of letter height from the text (see heading “Choice of Letter Size”). 16 


For 3- or 4-word signs 
Case 2.—Where all vehicles must stop, the design speed i is determined as i 
5 before; the total warning distance xi is computed from Eq. il 1 or Table 1; and — 


place the sign 400 ft ahead of the hazard; then L = X — 400 and the cater pea 


in — lis s legibility distance of the letters to be used. gt 


‘Finally, 1 the designer ‘should check for | sufficient reading time as in case 1. 
i In both cases, if f the reading time i is too short, determine A, or the sign | location, 
by re the last few steps. Obtain D from Eq. 14, Cc from Eq. 2, 
X —(C+D)._ The sign must be mounted at the position indicated. 


As 
Finally, compute L and H for the new sign by the 
‘Thi 


er curtala: practical decisions as to where the sign is to be placed, 


and similar questions must be answered before the necessary letter height can ‘i 
determine ed. Furthermore, in . choosing which of the standard alphabet series 
to use for the sign copy the designer must take into consideration such factors — hak 


mensions allowable for his sign. Ih certain cases where practical requirements 
make it necessary to include more than three words in a given sign, it has been say 
- found desirable to use two cmenint letter sizes in the copy. A larger size has” i 


tance ‘and a smaller size for the less important legend intended to be read at : a 


closer position and with a sscond of 8 eye. 
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1 Of place names 1n' 
m- 
io 
ve oe effective highway sign design in terms of warning time, warning distance, and a — 
 & in terms of warning time, warni 


he 
90 percentile speed. The increased v necessary at higher 
om speeds has been provided through the use of driver warning time as the basic 
consideration. Appropriate braking | distances have been introduced where 
* ae Table 1 (or Eqs. 9 and 11) furnishes values for convenient computation of 3 
ia letter r height needed, and a | a simplified outline of procedure is given in the - 


a a By use of such a method, it is possible to fit the sign to the highway and the 
o.. _ driver and to obtain consistently effective signs for widely varying conditions ; 
re _ of velocity and sign location with respect t to the hazard or the maneuver point. “u ; 
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of this little 
out subject, “Messrs. Mitchell and Forbes have made a definite contribution noes 
the direction of more ‘efficient and, therefore, of safer roadway usage. 
though the subject presented may be of quite limited interest to many engineers, 
itis of great importance to those who are responsible for best use of roadways 
Peas traffic sign has two values. A driver’ 8 attention is attracted to a sign, 


before he is within its legibility range, by its target value. At 
Ta is able to > read its message or to perceive its symbol gil If sign copy is too 


colors and shapes, such as octagon, round, square, or diamond, so 
a that the target characteristic of the s sign will tell driven: from a distance what 


type of Toad condition is ahead. When, as Messrs. Mitchell and 


value, | beyond that provided conn copy or symbol, becomes of lesser or o 


leads to an interesting In the past, traffic sign design has 
~ tended to mere legibility value and copy was condensed into standard sized — 

E teen space. Pursuit of the principles presented by Messrs. Mitchell and 


Forbes would reverse this procedure. woud result i in designing to legibility 


~ target value in the : sig n background. If so, the most conspi icuous colors could a E 


: be used in the copy or symbol and even greater legibility values achieved. 
. ‘The practice of Placing traffic signs in advance of the point to which their — 


apa applies is regarded by some as a needless carry-over from conditions ~ 


i of many years ago. Painted signs were originally placed in advance of hazards : 
cy largely because they. could not be read at night until a driver was close; he then ; 


needed some distance—generally 300 ft—in which to act. This practice 


_ advance location of traffic signs lost its major ‘Purpose with the introduction of 
‘reflectors and other means to illuminate copy for legibility, from a distance 


as a lantern i is best placed directly on a pile of brick i in street 


ls not 300 ft in advance, there is much to be said i in favor of placing a uminou 


a. or illuminated warning or | information ‘sign at, or close to, the point to which 
its message applies. Thus, ‘the message is not only to drivers at. a 


ay distance, but the drivers are brought all the way up to the point to which the 
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NOBLE ON SIGN LETTER 


often introduces a danger. Like | a ‘structural worker walking high 7 
ei ie steel, a good driver looks up and not down. His gaze is normally focused _ 
hundred feet or more ahead. When a traffic sign, with copy legibility 
3 of from 200 to 300 ft, comes into. view, @ driver reads its 1 message from or near 
that distance and the focus of his attention sweeps on. If this distance is added 


23 to the 300 ft ft that the sign is placed i in advance of the danger, it will be noted : 


Bg the message on signs placed in advance of danger pointe, and being 
unable to see the hazard ahead, is taken by surprise hes. of 
a68 Messrs. Mitchell and Forbes. present a method by which sign copy ‘size 
requirements may be determined accurately for each sign location, thus to | 
4 provide adequate legibility values to satisfy determined conditions. In prac- 4 
tice it should be possible to. establish a series of copy sizes in 3-in. or in 6-in. 
steps and to use the nearest suitable size. Tailor-made traffic signs, with 
° 4 copy exactly proportioned to variable legibilit y distance needs, could 1 result 
Bs. in a multiplicity of copy ‘dimensions that would increase the cost of manu-— 
a facture and of inventory and complicate installation and maintenance. = 
(toes _ Free space available adjacent to the traveled part of roadways and streets 
is often so limited that signs, larger than those now used, could not always be ; 2 
accommodated if installed i in accordance with present standards. iff legibility 
e's values. greater than those provided by currently standard s sign copy are to be 
_——_ it will be recognized that much larger traffic signs would be used. q 
Its so, in many cases, they must either be suspended over the roadway or 
= é bracketed over the shoulder or the sidewalk. Indeed this has already been 3 
at scattered locations in in some jurisdictions and results are reported to 


Cuar.es M. M. Am. Soc. E.—Marking the second step in 


_ the development of highway sign technique, it is hoped that this rps 


unless the danger itself is conspicuous. At night a driver can and often does. 


| 


a The u use of adequate signs is becoming increasingly important due to the 
ada ancing development of modern highway design that utilizes the principle 

on of free flowing traffic. This principle, involving as it does the elimination of 
ae cross traffic and | left turns by the use of grade separations with right turns ¢ only, 


ef results in a type Ye of highway ay facility that is s confusing to to the uninitiated motorist i 
as ae that he is required to turn right when he wishes to go left. _ Turning) right in 
to “go left” is contrary to the instincts of the average motorist. Conse- 
quently, it is of the utmost importance that directions (the sign) be of such 


design, size, and clarity that the driver will have ample time to observe, og 
react, and maneuver properly. - The modern “cloverleaf” is designed on the 
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assumption that the motorist will make proper turns, a 
_ if he is to avoid losing valuable time and “getting lost.’ ” Adequate signing is ey 
~ fundamental, therefore, if the economic value of the expensive grade-separated 
type of highway is to be fully realized; and the utmost care and Sap coneneed 
_ The authors have presented, step by step, a logibal reasoning in an aliens ie 
for determinating the the correct letter sizes to be used in designing a sign for — : 
particular conditions of design speed and ‘site location. The principle of 
breaking the elements of reading, perception, and reaction into units of time Nae: 
at which various sized letters can be read by the motorist, is is rena ; 
sound. (Incidentally the table in the paper which presents the visibility 
distances of letters is is based on the eighty percentile group of motorists. ) ce ealie 


ae then customarily utilized should be used if the highway sign is to be fully 
effective. These large letters when assembled together into a sign message 
— will result i in a sign panel ; of such dimensions that it will stagger the designer es, 
ey when compared with ordinary standards. In this connection it is interesting - 
* 3 to note that some of the direction signs on the Pennsylvania Turnpike are 14 ft 
wide by 9 ft high and these signs do not give | the i impression of 
. for the conditions. The practice of. utilizing letters of different size on the 
_ same sign, as outlined by the authors, was adopted successfully on the Turnpike, q 
and it is believed that this is a practical eawees 1 of keeping the size of ths sign iy. Ps 
, Thee analysis by the authors indicates that a smaller size of direction sign 
_ ‘may be utilized if the sign is placed i in advance of the turnout rather than at 
he point of turnout. For example, at a speed of 50 miles per hr an advance ee 
i ign must be seen for a distance of 530 ft (six-lane highway width) requiring 
-12-in. series D letters, whereas a sign placed at the point of turnout should be Bh 
a distance of 870 ft requiring 18-in. series D letters. 
-_ These required distances lead to a complication when signing urban high- a 
ways in congested metropolitan areas where turnouts are frequent and often = 
very close together with insufficient distance available to satisfy | the require- ih 


of +; and v Vision wil tax the i ingenui ity of the sign 


way a as well as sto the safety and comfort of the traveling public, and a ae 
therefore performed a valuable service. 


ADoLPHUS Assoc. M. AM. Soc. C. AND W. 20 


‘two published were by men who are leaders in this field, it may | be said that the. 
tack of quantity was made up for by the quality. 


“Senior Traffic Engr., State Highway and Public Works Comm., Raleigh, N. C. 
™ Stevens Inst. of Technology, Hoboken, ; formerly Bureau Street Traffic Research, Yale 
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K. H. N. Hit 


ost An analysis i is given | herein of the lateral tality of unsymmetrical I- I-beams, 


q both ‘free and horizontally restrained along the bottom edge, and of beams of — 
_ rectangular cross section horizontally restrained ~long the bottom edge. © The mes 
cases be horizontally restrained beams apply to sheet stiffeners in bending. mS 


_ sional stiffness. This is due to the fact that horizontal bending of such ele- 

ments is accompanied by distortion | of the cross section. > For this Teason, it is 4 

uggested — that satisfactory, although | slightly conservative, estimates of the = 


such beams may be obtained by neglecting 


Ge 


ie The solutions of the problem of lateral instability of beams known i in the 
- literature do not cover the entire range of cases arising in practice. A few « of 


& 


The case of an I-beam about its horizontal 

(2) The case of beams of various cross sections horizontally restrained 


SS along the tension edge (this situation is realised for sheets stiffened by project- a 


the case of a 


* Asst. Prof. of Civ. Eng., Cornell Univ., Ithaca, N. 
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of 
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ihe 
% 
smaller than would he exnected from the use of the usual formulas for 
— 
— 
- — (3) The lateral stability of trusses and of I-beams made of thin sheet mets . 
me 
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a Notation .—The letter symbols in this paper are defined they first 


work-energy m is used throughout. “this investigation The 

- horizontal displacement of the beam due to lateral instability is resolved into — ig & 


two components (Fig. 1): A horizontal bending displacement y of the flexural — 


center, and a rotation about a horizontal axis the flexural center. 


a 


a) The angle ¢ is an unknown function of the longitudinal ordinate : x (origin at h 
. one of the supports). % The beam is assumed to be supported in such a way t that t] 
eo a3 r rotation of the end sections about the longitudinal axis of the beam is pre- = 4 
vented. Consequently, the condition that must be satisfied by at the 


tion: of the beam hes the form ote a half w wave. This general character 


is represented and the boundary conditions are satisfied by taking 


ae 


| 


= Be in which a = a coefficient modifying the total angular deformation o (see 

The : assumption of this approximate form of $(z) involves a certain error, 
the magnitude of which could be estimated by ‘expanding o(z) ina “Fourier . 
a series with unknown ampenape” instead of taking only the first term of sucha 
od this elaborate procedure it will be shown by ‘ 
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4 (a) Pure Bending. —For such beams the location of the flexural saath wise 
in (008: Fig. 2) and are the distances to the flexural | from the 
of the compression and tension flanges of the beam, 
= ¢; + cz = the total effective depth; and J, J,, and I;, respectively, are 
the inertia moments of the tc total beam, the roomnpression flange, and the 


3 its center consists of three parts (Fig. 2): (a) The of of 


compression flange corresponding to a horizontal deflection y 
(0) the energy of of the tension flange to a horizontal 
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tion 1 of and from Eq. 3, aa pe 


In Eq. 5, C, the reduced torsional constan 3 


a Of fn ihe The e only ‘external forces acting on the beam are the moments M applied at 
the ends (Fig. 3). If designates the angle of rotation of each of the 


44 


end se sections due to th the horizontal ration of the beam, the say of aod 4 
_ The magnitude of 8 is obtained by determining half of the difference in 4 


length of the chords of the horizontal curves formed by the axes of the top and — 


bottom flanges i in the laterally ‘b bent (a’ in Fig. 3). Thus, 
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In Eq. 4, 
— ‘modulus- 
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The critical moment is now determined from the 
Wa For the rical beam with Lh=h= 
The exact solution for this ales special case has been developed by 8. Timo- 


shenko. If Professor ‘Timoshanko's value of is in his 

Shwe. equation’ for er, the result is identical with Eq In other 

for the case of p pure bending, Eq. 1 happens to be the exact exp expression for. (2). 


= 


revious case. Between = 0 and z = =, 

a 
ki 


from flange. Upon sion of this expression the 


o 


— 


The: vertical displacement of the force P, ‘applied at an arbitrary. distance 
a f from the bottom flange, may be resolved into two components, A; and A>. 


* “Theory of Elastic Stability,” by 8. Book Co., Ine., York, N. Y., 
Eq. 157, p. 258. 3 


Ibid Eq. 159, p. 258. 
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load application with respect to the flexural center. It is easily seen 

in which be is the wm @ at the center of the span. 2 Developing cos ¢ in a 


axis of the beams through flexural enter Thus” ; if 


Ao = = ox dx dx 


4 


i 
4 


ond is again | making = W, which yields 


3 ; 


(hI, — — 
For the special ‘case of the symmetrical = : 


The exact solution for this case in explicit form i is not. to the 


writer. ‘Using g the ene energy method, Professor Timoshenko derived an integral 
equation’ for this case. In solving it he uses only the first term of a Fourier — “a 
sail expansion® which is identical with Eq. 1. It can be shown easily | that, in this a 
case, Professor Timoshenko’ s solution is identical w ith Eq. “According 
to Professor Timoshenko, the error involved in taking this a 
expression for ¢(z) amounts to only 0.5% in this special case. Without 


detailed it is to state that, in the general 


‘Theory of of Elastic Stability,” by 8. Ti McGraw-Hill Book Co., Ine., New York, N. Y.. 
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rement of the flexural = 
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son, horisontel bracing is applied: only along the botton 
edge. is granted that such an arrangement in practice 
ceptional cases. However, 
[ported is not only a general interest, but it leads tothe | 
analysis of the more important question of stability of ‘ 
sheet stiffeners of I-section and “section, which will be 


4) ‘is again ‘resolved. into the horizontal 
flection y of its Somury center and into a rotation aid 


the same point. 
energy is then 


Substituting Eq. 24 Bx 23 co 


L /ag\? _ 
2) 


ties 


vend the work of the external moments M becomes 


ety 6 {ue 


Fines acting on the beam. In fact, along the bottom edge horizontal = 


are exerted by the re restraint, which such magnitude that they prevent 
horizontal displacement of this edge. _ However, since the points of application | 


— 
or tal displacements are prevented, 
h a way that horizon biosud 
a (tension) edge in suc in entirely unaffected. 
[re qe — 
wih ely 
f of the forces 
ement in the direction of the forces, age 
these lorces are not subject to any dis] | 


he : 


rye 


«le use Eq. 1 for an approximate regmesentesion of ¢ for free beams. However, 
= in the : case of beams restrained laterally along the bottom edge, it is possible 
that buckling may occur in more than one half wave. Buckling of such multi- 


a wave character is known to occur in thin plates, struts on elastic supports, ete. __ 
investigate this possibility, one must assume the most general 
sion for ¢(x) that will satisfy the end conditions. Such a general expression 


in Qn resents undetermined ffi 


a, 


iA 


de 


Mer 


All possible values of a’, are fundamentally positive quantities. is Consequently, ~ 
the smallest value of M., corresponds to n = 1. It is thus shown that a 
laterally restrained beam buckles in a single half wave; in addition, in the par- 
ticular case of pure bending, E Eq. ‘is ‘seen to be the exact exprenion: for the 


shape of the beam. 4 
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. energy i is the same 


in the case of I-beams. Thus (eee Eq. 19): 


eee 


a From W. = W, the folowing expression a for the critical | load i 


” 


4 

It may be noted iy both q. 32a and Eq. 35a also apply to cross sections _ 
other than rectangles, provided that the nature of the section is s such that its 

total x resistance to torsion is proportional ‘to I K only. This is. generally true 
4 ; 

or atta sections that do not have transversely projecting parts (flanges, etc.). 


case realized for sheets plates stiffened by projecting ribs of 


is in The sheet j is then to be regarded as an integral part of the’ 
- stiffener—that i is, it is to be included in the determination of the moment of 
‘inertia I; of the tension flange. _ Whether or not it is also to be included in the — 
a determination | of the torsional constant K depends upon the type of joint Patt 
between stiffener and sheet. For joints acting rather in a hinge-like manner ants 
_ (that is, allowing rotation of the stiffeners with respect to the sheet), K should - 
be taken for the stiffener only _ The same is true for rather thin sheets (as 


mpared with the wall thickness of the stiffener), since in this case the sheet 


(b) Center Load.—The expression for the strain jhe 
ained by the same reasoning 
» 
iz 
; 
— 
— 
&q 
— 
= 
a) 
1s Kel bend OULU plane In the immediate Vicinity Ol the 
rather than to twist monolithically with the stiffener. | 
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a ee Eq. 40 is seen to be independent of Io, 


=f egy the other hand, , subs stituting Eq. 36 in Eq. 11 for B 


hcthaits the tension flange is not 
subject to any horinontel and the position of the external forces 


For ‘this reason Eq. 40 applies to. ‘symmetrical as as 

> y™ We 
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e strain introducing the corresponding 
frews values for the integ rals)becomes 


+=; 
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We 


eae  (b) Center Load.—Eq. 38 for the strain energy remains the same as in the € 


case, The vertical displacement of the load, with y= 


Joi dove ei 4df state 


the work of external force P 
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and and for the special case of =] 
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(38) 


sale making W, = W, it follows that the critical moment 


Fi = C29, 
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"Trusses AND I- Beams with THIn Wess 


on 
torsional rigidity of the beam. For ordinary beams with thick 


torsional constant may be determined from well- known formulas. These 
constants have been deriv ed on the mention: that the . shape of the cross 


a such elements the lateral yA of the w web, in n many 


cases, is sO slight that it bends out of its oul when the beam becomes un- 


would require highly involved in 


(that i is, without the distortion of the cross section) it 
be found that the contribution to the critical load of the lateral flexural rigidity 


critical load. Since the ‘actual torsional constant K for beams of this type 
usually is considerably less than K’ derived by formula, it seems advisable to’ 
7 determine the critical load of such beams by disregarding K entirely (that is, 
assuming K = 0). The value. thus obtained will be on the conservative 


‘Formulas for and Strain, fe by R. J. Roark, MeGraw- ‘Hill Book Co., Ine. 


3 — 
g § parts of the cross section are rotated through the same angle. This is not the > ae — 
, 
“stable. For this reason the angle of rotation a; of the chords or angesisseen 
be less than the angle of rotation a2 of the line AB in Fig. 6(c). Consee = 
___ quently the actual torsional rigidity of such elements will beless than that 
l 
torsional con- # 
) — 
im 
regarded (that is, if K’, determined by formula, were used instead of the un- 
known actual K), the computed critical loads would be decidedly in excess 
of the actual loads. It is believed, therefore, that the first of these procedures 
practicn 


on In order to facilitate the use of t the pesiite of this investigation f for beams” 


* 


| 
ciation with repre 


a= amplitude of the deformation: a n= an undetermined 


; ee ne reduced torsional consfent for a given section (see Eq. 7); 
= vertical distance of the flexural center of a rectangular beam from 
the bottom (tension edge) (see Fig- 1): 
: distance from the center of the compression flange; 
wed 
5 ti, a= = ‘distance from the center of the tension flange (Fig. 2 
Oi = vertical distance from the | bottom flange tot the point of application 


= shear modulus (Eq. 6); add + be. ‘haw j 
a effective height of section, between centers of flanges + 
with respect | to 
the: vertical axis of symmetry, particularly for I- beams mo- 


= inertia moment of the the compression a flange about the si cointh 
= inertia moment of the tension flange about the same axis; _ 
af = torsional constant for a given cross section: K’ = a computed con- 
bs stant as compared with (K) an actual constant; 


A’L = longitudinal displacement of the top (tension) fla flange, 


ono atthe support; ould aid 
'L = longitudinal of the bottom 


borg! bending moment; lanina edt 


a concentrated external load (Eq. 5); 


W= work of external forces: W.= = strain energy ; 


With very sinall vorsional constants, the lormulas presented 12 this paper are 
3 following letter symbols, adopted 
4 
— 
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— 
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A 
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= rotation of the web (Fig. 6) I 
= angle of rotation of the end section (Fig. 3) 


= relative displacement of the point oF ies of the 


load P, with respect to the flexural center; 


relative displacement of the flexural center with respect af 
to the s support, caused by the horizontal curvature of ae: 
the longitudinal axis of the the 


¢ = angle ¢ at the center of ts 


= = rotation n of the chords or flanges 


+) 


ine 


22, 32, 35, 40, and 43. 2 For beams with ¥ very ‘small torsional rigidity, in par-— 


one obtains the following simplified expressions— 
I- pure bending, unrestrained : 


pure bending, unrestrained : 
Unsymmetrical I- I-beam, center load, 
Wi 
Symmes I- ee load, f = = unrestrained 
( hI 
et rical I- beam, pu e bending, restrained : 


ae 
— 
— 
— 
3 — 
— 
8 
= 
40) 
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Mig} 


I-beam, center load, restrained: 


‘The formal requirements use of these formulas are: For Eqs. and 


L for Eq. 45a, C<- L and for Eqs. 46 and 47, 


cn (= ) denotes ‘ ‘much less than”). | 


7. As: stated previously, i in beams of this type, the actual veoes of K is generally — 


bamntee and it is only evident that K < K’. For this reason these formal a 


"requirements ‘should be used with critical care as guides rather than as 
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Rosser K. JUN. AM. Soc. C. E. —Two types loading 

commonly encountered in practice—(a) uniformly distributed load, and (b) 

two equal loads symmetrically located on the beam—lend themselves readily 
= analysis by the method presented i ‘in this paper. . In his treatment of ‘this % 
im ee herein, the writer leaves the directions of the coordinate a axes un- 


ferred, the author’s approximate. for the an wr deformation, Eq. | 1, 


. ‘Eq. 5 for the strain energy We remains unchanged except that the limits of a5 


integration 2 now from — to +3 distributed toad 

vertical bending moment to be in Eq. 8 is at 


(oko) 


‘Uniformly Distributed Load. —With the coordinate thus trans- 


i 


Substitution: of Eqs. 49b in the equation for ¢ 


loss in pote 


‘in « di 


Substituting c: from Eq. 3b, expanding cos ¢ in a power series in ¢, and — 


_lecting all terms beyon nd the s the second i in tis expansion, one obtains 


= 
in which A’ is the displacement of the flexural center at midspan 


i ney 1) 
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at a distance from the origin. From of 

oa ita eaotob the magnitudes of these two components are given by the fol- 


0 


: ie substitution of the expressions for A, and we see in Eqs. 5 51 and 52 and 4 


— The c critical load is obtained by equating W. from Eq. 50 to W from ms. be iB 
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WI,I 
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ve) 


the results from Eq. 55 coincide with obtained by Timoshenko 


(6) Two Equal Loads, Symmetrically Placed. —Considering the right half of 
the beam shown in Fig. 8, it is seen from to = 


ct 
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—b)toz= the moment is 06 


‘The strain energy of one half of the beam is then obdibead: wake 


Substitution of Eq 56b and 57b and evaluation: of the integrals yield 


oe 


El 


- To find the work done by each of the two foroes P, the distance the load — 
falls will be divided into t two components A; and A: as before, and agai ores 


40} a ed 


a? sint us Pt, 
. 


the difference ‘between this and that at the loaded section. 


W = P(A, + 4s) 
9 nd 60, and by e aluation of the integr 


t= 
— 
— 
— 
a — 
analogy with Eq. 52, A; = A’; — A's, as before, in ain 
(6) 
— 
4 
Yo 
— 
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264 


The critical load is from Eq. 585 to W from 


different wiles of b/L, are given in Table 1. 


TABLE 1.—NUMERICAL CoEFFICIENTS FOR THE OF Eq. 62 


0.10 0.15 0.20 | O: 25 0.30 | o. 40 (0.45 


19.59 19.20 | 18.64 | 18.00 15.51 i 15.09 
101.6 26.57 | 12.68 |» 7. 84 | 
10.3 2.69 1.28 794 0.570 353 0.335 


— 


0.05 


: a It may be ascertained easily that, for. o/L = 0. 5, Wai value 2 Pe, of this 
is identical that for a concentrated center load obtained by the 4 


ae Acknowledgment.—This discussion is based on a thesis prepared ven the 
_ supervision — of the author and submitted to Cornell University, | at Ithaca, 


‘f N. Y., in 1941 in partial fulfilment of the requirements for the degree of woeered a4 
Hn," Assoc. M. Am. Soc. C. E—In 1937 writer had occasion 
a to solve the problem of the lateral buckling of an unsymmetrical I I-beam sub- 
jected to pure bending, and derived an n expression which differs somewhs rhat from 
Bhs = that determined by the author. The writer’s solution can be expressed in the — 


notation of the paper, if an a additional term is introduced—“e, ” which is defined _ 


% as the distance from the shear (or flexural) center to the centroid of the section. 


~The: centroid will lie between the shear center and the narrow flange. ‘Th 


term “e "will have a positive sign if the wide flange i is in compression, ‘and 


negative : sign if the narrow flange isin compression. = 
ae Using the disposition of axes as shown in Fig. 2 of the paper, the differential 


EIS oa = — M ¢ (see Eq. 8), an 


¢ ae In Eq. 63 the expression for the twisting moment is only approximately correct. = 
oe “al ad It is applicable for for unsymmetrical I I-sections of the kind dealt with in this picts ; 
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ON ‘LATERAL | STABILITY 


< 


|- eee commonly encountered in structural fields are of this nature. 


exact expression for the twisting moment may be obtained by summing up the - 


area of the cross section. The expression may be derived as follows, considering 
the z-axis as coinciding with the center line of the web, with the origin at the at 


4 


A 


“Say 


4. 66, Zy is the third of the area about: the prineipal axis 


Mr = M Ll y (26 


For an L beam in which the two pea are not greatly different, it = 


and the term | will be very yemall. ‘The a areas sof the two flanges oft an unsym- 
metrical I- "Ee may be the same and yet thei lateral NTE may differ — 


in ay differential al equation 


E (icy + Tre de BT 


The: of this fourth- order linear differential equation, th constants 
ee. determined from the boundary conditions (¢ = 0, =. 0 when z = 0 and : 
z = L), results i ‘in the the trigonometric equation 
7.|__@K+2Me_ , | (@K+2Me)_ 


twisting moments produced by the longitudinal stress on each unit differential _ ae a 


— 
4 th enter, and assuming that the fla 
sltotheweh 
— 
iii 
— 
— 
= = 
— 
© 
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ta 


root of Eq. 69, foe the moment M, q 


2 


Expressed i in the form of Eq. 14a, Eq. 70 would read m bite. 
4 


The 71 and 14a is largely in of the 
BS: term e in the former. In the author’s solution, no account is taken of the — 
location of the centroid d of th the cross section. _ The reason for this discrepancy 
£ c ae between the two solutions apparently lies in the method used by the author for 
aa tte evaluating the work of the external forces (Eqs. 10, 11, and 13). Eq. 10 7 


i _. nen. correct only if the ¢ end sections, which rotate through : an angle 8, remain plane 
wi ne Under the combined lateral bending and twisting, the end sections do not remain 4 
plane. That this isso can be seen from Eq. 11. The change in chord length of 4 
‘ae a longitudinal fiber varies as the square of the lateral deflection of that fiber at = 
: Bs the middle of the span. Since this deflection varies linearly with the depth of Be: 
* the beam, the change in chord length cannot vary linearly with the depth. — s 
i ‘To determine the work of the external moment, it is probably necessary to Ue 
a i scshy: the work done | by the forces acting on each unit differential a area of the 
- eross section. This would involve the stress distribution on the section and 


consequently thelocation of the centroid. 

Grorce Winter, - 
a ward higher working stresses and more slender members in engineering struc- 


tures, problems of the stability of such members are becoming increasingly 


and are given wide attention in ‘engineering ‘Since the : 


‘twist. Mr. has investigated the buckling of unsymmetrical I- beams i in 
‘pure | bending—that is, the ‘same problem which forms: part of the writer’ 


Whereas the writer derived his equations by means of energy 
Hill used differential equations for this purpose. 


For case of pure e bending, Mr. Hill derives Eq. which, in 
is from Eq. 14a for the same case. As Mr. Hill rightly points out, his a 


Asst. Prof. of Civ. Eng., Cornell Univ., Ithaca, N. Y. 7 


-%“The Buckling of Compressed Bars by Torsion and Flexure, ” by Gender, Bulletin No. 
Cornell Univ. Eng. Experiment Station, Ithaca, N. Y., December, 1941. 


iva 4“Filexural-Torsional Desking of of Open ‘Section,” J. N. Goodier, Bulletin No. 28, 
Lateral Instability of Beams,’ H. N. Hill, Journal of Aeronautical 
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lated topics have been ‘fandamentally ‘new treatment of stabi 
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q 
between the flanges. ‘The s same for the writer's equation. “This 
x does not mean ag these equations apply to symmetrical beams teas Al- ee 


= width, t= In many ‘instances 


a 
- beams are so o designed in in | structural practice , especially to avoid local crippling — 


of the compression flange due to large «ratios. ai 


oa writer is gratified to find that, for the case of equal flange areas (th 


“. only | one for which both | equations a are ‘strictly exact), Mr. Hill's and his owr Oey 


expressions are identical. To demonstrate this fact 


let Fig. 9 represent an I- beam with a centroid 


a flexural center F, and a midpoint M. Then the parent Qn) Pay 


distance e, introduced by Mr. Hill, is the distance 


from C to F. For equal flange areas points C 
and M coincide. In this case, with the satel 


{2 4 the paper and Mr. Hill’s rule of signs, 


is s identical with the second term of Likewise, 


“case, Mr. the writer's are the same. 
se _ If C and M do not coincide, neither Mr. Hill’s nor the writer’s ; equations 
are strictly exact. In this case the difference between the two approaches is — 
that Mr. Hill implicitly takes account of the distance d 

to the midpoint However, he neglects he quantity 
Magnitude of 


+A + Aw 


in which Ay Ay sai are, respectively, the ‘areas of the two flanges and of > 


Iti is easily seen that the 


— i= 
4 — 
Mune areas Of bone Oanges be Lis Lilet 
— 
— 
— 
iia 
— 
of the same order of magni- 
Me we ey by taking account of d but 
n accuracy by taking account o! 


re 


Tr Zr Bxcept for the rare case of radically different values of Ay a 


Ao, the quantity d is seen to be rather small as compared with = or c.  There- 
+0 fore, the writer’s simple Eq. 14a represents a close. approximation even = 
in which the flange areas are different. 
‘ ne __ The practical advantage of the writer’s work-energy method is that it pro- 
= vides a | rather ‘simple w way of analyzing the ay of beams u under transverse 
loading rather than only in pure bending. el ~The writer’ s equations for p pure 
i <a bending and for center load are supplemented in Lieutenant Schrader’s con- 3 
. _ tribution by those for uniformly distributed loading and for two equal loads — — 
mmetrically located on the beam derived by the writer's method. 
investigation of these cases by means of differential equations would have met i 
= ae with practically insurmountable mathematical complexities. It is believed q 


that the four ‘types 0 of loading analyzed cover r the most cases. 


for columns, is common to all calculations concerning the elastic a4 i 
ree 
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REDUCTION OF ‘MINERAL ( CONTENT IN 


"WATER WITH ORGANIC. ZEOLITES 


eens By R. F. Goupbey,? M. AM. Soc. Cc E 


M. Guoner L. 


ome incidental reduction in total solids in water has resulted when nm 
rary” hard waters have been softened with lime for domestic and industrial - 
uses. Modern organic zeolites can now be used to secure an almost complete 
removal of solids even to the point of competing with distilled water. Already © 
3 a number of high-pressure steam. plants, i ice plants, anda single instance of a 
large munitions Plant, are using organic zeolites to ae water of a low Mic 


exchangers, could be used most satisfactorily for processing and precipitate | 
«It is possible to remove one or more of the positive and negative major ae 
ions from water including calcium, magnesium, sodium, alkalinity, sulfate, 
chloride, and nitrates. The full significance of fact. should be realized. 
The writer suggests that these newer methods of water treatment be considered 


“it (1) To reduce any major ion in that United States Treseury 
a Department Standards, such as ‘sulfates, 250 ppm; chlorides, 250 ppm; and _ 
iw total s solids, 1,000 ppm, or the present proposed limit of 500 ppm; ug sguomy 


an (2) To remove or alter objectionable ions in water for irrigation use with 


1San. Engr., Bureau of Water Works and Supply, Los Angeles, | 
Numerals i in parentheses, | thus: refer to corresponding items int the (Appendix 


safe limits, even though calcium: and magnesium salts can be kept 


ii 

4 
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— 
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se — (8) To extend the applications i in which undesirable waters can be modified ce 
Sets for safe industrial use, particularly where relatively high costs can be tolerated. 4 : 
These suggestions do not recommend the production of distilled water for 


— ae uses; but, by blending portions of water ' variously treated and, in some — 


instances, the addition of compounds, there can be a selective modification of a 3 
x various ions in water to produce a a final water ‘satisfactory for the purposes 
intended. a Such a development opens Practical applications of 


DEVELOPMENT OF Zeoures 


oe opt ‘Although the treatment of water with seolites consists, for the most part, 
ae exchanging calcium and magnesium for sodium, and regenerating the | 
p Bee 3 zeolites when exhausted with salt which results in a softer water, there i is an 


increase in total s solids because the equiva'en ‘ent sodium ions are 
_ than the replaced ions. s. Nevertheless, the treatment by zeolites has been an 
important stepping stone to the development of more efficient exchange 
materials which can ‘now be used to Temove any of the major ions. The 
history i in the « development of zeolites, a as ; applied to water treatment, ‘started s 
ose use of green inorganic sands (glauconite) as early as 1910. This — 
a material had an exchange ratio of sodium, for calcium and magnesium, based 
on about 2,800 grains of hardness as calcium carbonate) for a ‘cubic 
foot of material. These natural zeolites were greatly improved during the 
following decade by processing which doubled the exchange capacity and ¥ 
increased the filtering rate. Common commercial products that were installed 
is a Neville Island, Pennsylvania, i in 1926 (2), and at the plant of the City of | 
an South Orange, N. J., in 1928 (3), marked the beginning of the use of zeolites — 


/ Sunt The first artificial inorganic zeolites were produced as solutions of sodium 4 


lat in 1906, and in the following year the reversible | properties of such 
tations ‘were discovered. Artificial zeolites ‘are manufactured either from 
sodium aluminate and silicate to give a ratio of one part sodium oxide 
’ to 5. 5 or 6. 0 parts of silica or from aluminum sulfate and alkalized sodium — 
Re ‘silicate to give twice the aforementioned ratio. These n materials are controlled 
“#4 to form a stiff solid gel or a gelatinous precipitate in liquor. _ The material is 


dried either or artificially until it cracks: ‘into grains when 


through ine filters. Modern: inorganic zeolites, therefore, are referred to as ak 


_“gel-type” zeolites. Their capacity varies from 9,000 to 12,500 grains of wg 
‘ hardness removal as calcium carbonate. Most manufacturers guarantee 8,000 


rr, 


r each cubic foot of material, although this is 
. Hie 2 not a fair basis a a guarantee as the capacity up to 12,500 grains of hardness 
removed i is s dependent o on the amount of salt used for regeneration. _ The rate 


per sq ft per min with a 40-min 
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‘period of regeneration. Artificial zeolites require less rinsing than natura 
geolites. Downward filtration may be used with all i inorganic zeolites. 
«Salt consumption for regeneration theoretically should average 0. rea 
of salt for each 1,000 grains of hardness removed. The reaction, however, — 
requires the presence of 1 a salt excess and. the actual regeneration dosage under — 
the most advantageous 3 conditions, such as ; municipal plants, varies from 0. fe 
to 0.4 Ib per 1,000 grains of hardness removed. Thé amount of salt for re- 
generation: at ‘industrial plants is usually 0.4 to 0. 5 Ib per 1,000 grains of 
: & hardness removed. Even higher salt consumption is allowed for. individual 
domestic _units—namely 0.5 to 0.7 Ib per 1,000 grains of hardness. 
| lowest figure for salt consumption requires either reuse of portions of the 
Bee brine, which is a ‘patented process, ‘regeneration of “the zeolite at about 85% 


capacity, or less, or utilization of longer periods of regeneration. iy ss Wop MORE, 


 saabettal not solar dried, is manufactured in "New ¥ ork, N. Y., ‘and Chicago. 
_ More than forty municipal plants have been constructed since 1935 using _ 


ne ‘and to treat a part of the lime-softened water with sodium zeolite to zero 
4 hardness for the removal of permanent hardness followed by mixing the raw 


ir water and the zeolite-treated water to obtain any final residual t 
¥ hardness desired. Such plants have been located at Findlay, Ohio, and the 


Metropolitan Water District of Southern California 
. ae Lime is the most efficient agent for softening calcium bi 1 Ss 
: because the reaction drops o ‘out the lime added and the temporary hardness, 
except for the solubility value of calcium carbonate, which is usually 40 to 
Bhs ppm. The use of excess lime e may remove > half this residual. zeolites 


_hardriess requires the addition of both lime and soda ash. — The sodium zeolites = 
_ remove these substances with about twice the salt required by the stoichemical — a 
- a reaction, and the advantage of lime and soda ash over zeolites becomes a 
- Pomeaths of studying costs of chemicals involved. ; Usually zeolite softening i is 


reer 


6 "2 or more e of the total hardness 


ar third, water having passed through a munteinal zeolite plant eteidien : 
q a residual hardness and a high pH-value such as 9.0 will cause disintegratio 


of zeolites at local industrial plants: which must further treat such waters fo 
omplete removal of hardness. Sodium zeolite waters in boiler-feed installations 
| __ are often treated with sulfuric acid and aerated to remove bicarbonate, but the Ess 
Organic Zeolites.— —Following the work of B. A. Adams and E. L. ‘Holme 


(6) in 1935, eiguiicant progress has been made in the development of ‘Organi 
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ORGANIC 


galt or mineral acid. -_Most commercial plants are using 1% sulfuric acid 
regeneration purposes. The first four compounds w ere. formerly called 

a carbonaceous zeolites and the last compound is referred to as synthetic resin. _ 

fm are carbonaceous compounds and so the word “organic: seolites” has 

been selected to cover both phases of development. = = | 
The second group of materials which have been recently developed includes 
the anion exchangers for negative i ionremoval. 

ett - In 1940, the writer presented (7) a short bibliography of the development E 

+ & _ of carbonaceous zeolites. neler more complete bibliography is to be found ina 
work by R. J. ‘Myers, W. -Eastes, and F, J. Myers (1). Artificial 


organic zeolites have now been developed that are highly condensed, very 


with, large surfaces, high reactiv ity, and extreme mechanical strength. 
Thee ponlitns, whieh are basically either tannin formaldahy de, or mphenylene- 


(Orgs 
the internal lattice, even to the of increasing their 
size 25% before regeneration. After regeneration the organic zeolites return 
ae to normal size. _ This normal swelling and contracting is probably due to the | 
difference in the size of molecules being exchanged. _ One third more fr freeboard “fy 
backwashing is required because the materialis lighter. 
Organic zeolites are installed in filters made | or alkali resistant with 
2 = upward flow rate of 10 gal per per sq ft 5 per min with a backwash of 1 to 2 gal 
2 a = sq ft per min and a rinse of 2 to 3 gal per sq ft per min. The capacity — 
th hydrogen zeolite is proportional to the amount of acid or salt used $ 


regeneration and is proportionately higher for increased capacities. Ordinarily, 


_ 0.3 lb of sulfuric acid per 1,000 grains of hardness or its equivalent removed is 
the most efficient method of operation. This represents a removal 
gate of about 8,000 grains of hardness per cubic foot of material. —__ winch 
hey ll sodium silicate zeolites, the salt ratio is twice the theoretical amount 

under the most favorable conditions of operation. Until recently the 

hydrogen zeolites required ( 0. 0.292 lb of sulfuric acid per 1, 1,000 grains of hardness 
* a removed (7) at a removal rate of 8,550 grains of hardness extracted for each rex 
_ cubic foot of material. _ This amount of acid is 2.08 time. that which is theo- 

experiments have yet been published to establish the 

minimum acid The writer has used rates as low as 0.225 ib of 
sulfuric acid per 1,000 grains of hardness removed when operating on calcium es 

only. This i is 1.6 times the theoretical amount. That some excess acid must 

be added is obvious; yet. the report of the increased chemical efficiency of 

resin exchangers used on a sodium cycle as compared with the sodium silicate 
fs _ zeolites indicates that considerably less acid may be required when a 
exchangers are operated on a hydrogen cycle” and particularly where sodium 
is high. | For purposes of this paper and since the sulfuric acid requirement — 
> — for treatment is the principal factor, an arbitrary figure of 0.2 lb of sulfuric 

per 1,000 grains of ions removed and expressed as calcium carbonate 
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geolites (1). Cation exchangers, or organic zeolites, can be operated eitheron 
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Water that has through an organic cation exchanger becomes acid 
the bicarbonates are converted to carbonic acid gas. The latter can be — 
removed by aeration; hence the cation | exchangers remove not only calcium, 
magnesium, and sodium, but also carbonates and bicarbonates. ea é sre 
a The: anion or negative ion exchangers have been developed somewhat more s 


‘became iyo ruptured. ¢ Likewise, there wa was a tendency for the material to 
} 4 go into solution. The present anion exchangers, however, are a 
efficient. They are acid id and alkali re resistant, have a capacity of 29, 800 grains 
 ~per cubic foot of hardness removed, rinse with about one half the water used 


formerly, and give twice the runs. 


hydroxide « or soda ash is used. 


Organic seolites exchange positive ions with hydrogen hen mineral acid 
are used for regeneration. The exchange is probably on the phenolic hydroxyl 


group. The equations for initial final stages are shown in Table 


1% 


‘TABLE 1 Excuance Reactions 


Hydrogen cycle Magnesium cycle 


4 pie ion and water treated by both methods. 
3 lorine replaced sulfates after the hydroxide is exhausted 7).  ‘Inan experi- 


of Passing 90 ) gal of Los ‘Angeles | (Calif.) ‘aqueduct water through 277 


magnesium zeolite as the capacity to Temove sodium and ‘magnesium 
was reached. This means that used to remove 


pe 
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333 g of an anion ex- 


order as sodium, magnesium, and ‘calcium. The “alkalinity 
exchanged successively with chlorides, finally being replaced with sulfates, 
a se 3 This indicates that as ions sulfates can be removed more economically than 
4a pa ved Jol chlorides. The equations in Table 1(b) indicate the initial and final stages of 


____ Regeneration of cation and anion exchangers follows the reactions: es 


ad 


fet 


whether natural, for the reason that the sodium 2 zeolites 


Mm) as a pH- value from 7.0 to 7. _7 
beyond which zone there is soften 
ing of the “structure with | subse- 
quent loss of silica. There is very 
‘little addition on of si ‘silica to 
water within» safe o operating limits, 
most smail plants, however, the 
pH-variation i is not subject to rigid 

control and there i is, as stated, a ten- 

} dency to favor a zeolite that is acid ie: 
alkali resistant. There are & 

‘number ¢ of installations using carbo- 

-naceous zeolites on a sodium cycle. 

One of the more recent nt developments 

E has been the combined u use of two = 

carbonaceous ‘geolite filters (see Fig. 

1), one operating with 50% of water 

on a sodium cycle and the other 
operating on the other 50% of 

_ water supply on a hydrogen cycle 
subsequent mixing of the 

waters. here are a number of in- 

stallations where carbonaceous 

* lite is used on a sodium cycle fol- — 


Zeoure wed by acid treatment to remove 4 


4 


if 


it will  prodube a water low i in and alkalinity. 
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be been designed to reduce total solids. With appropriate facilities 
separators sO that, water can be produced having 4 ppm, or less) total solids: 4 


originally present. The first cost is relatively high—namely, about $100, 000 
million gal capacity. Operation cost is that of distillation, which is about 
- $2,000 per million gal. Plants that have heat exchange facilities allow practi- — 
— eally nothing for the cost of operating evaporators. This process is too 
_jimited for general a application; yet, where boiler make- up is s high, evaporators wae 
would extravagant and hydrogen zeolites offer the most economical 
Municipal zeolite units run from $25,000 to $35, 000 per million gal capacity, © 


removal of alkalinity by aeration, additional equipment is required. Anion — 
xchangers operate at more than twice the rate as cation exchangers so that = 


Fas the cost of filter assemblies is less than that of the corresponding cation 
exchanger for the same total flow. 
_ The filtering material of exchangers is naturally a major item of expense — 


nd the cost of filtering material in oy rapeatiacies case is based on the quantities — 


the current. prices for sodium. in ‘quantities average 

$4.50 per cu ft, organic zeolites on the hydrogen c: cycle at $9 per cu ft, and Fig: 

- organic zeolites on the hydroxyl cycle at $36 per cu it. These prices, while ae 

wi _ somewhat ‘disconcerting at first ‘glance, are certain to drop downward as use 

and production i increase. From the standpoint of ease in manufacture, | there 
$s no reason why ultimately. the prices for hydrogen and hydroxyl zeolites — 


hould not approach that of sodium zeolites. The royalty fee for hydrogen 


new sized should be the same as that now 
_ for sodium zeolites. On the basis of present prices, however, the capital 4 


investment for moderately ‘sized plants | toi remove various combinations of 
ons on @ million gallon basis is as shown in Table 2. Obviously, smaller_ 


+8 - Plants might cost 50% more, but the relative ratio of the costs between the 
various processes is probably the : same as given in Table : 2. From the stand- 
point of ential | cost, there appears | to be no real obstacle ) a rather wide 


gk 
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ani remaining sre annroximate ronvortional to the ratio of ions 
— 
4 
— 
— 
California cost $5,000 per million gal. Treatment plants using the hydrogen 
eyele require greater tank depth but considerably less area and the equipment 
iii 
— 
— 
— 
fs 
— 
— 
— 
es 18 $1 per cu It, whereas hydroxyl Zeolite 18 per cu It, Dince the 
foregoing cost range parallels the relative efficiency of the materials involved 
80 far as filtering rate and volume of material required are concerned, the 
le | 
— 
— 


a: ions to practically zero values. _ In many instances only a part of the water 
th would be completely treated to be mixed with that ratio of raw water 1 necessary 4 
tad to prong allowable values. If only one third of the water were to be treated, 


“TABLE (2. —Retanve COMPARISON OF INSTALLATION Costs, IN 


PER GaLLons PER Day Capacity, For VARIOUS - 


| 
of total solids 
S ollars per additional percentage of rem 


soe seolite. By evaporator. ¢ 15% to 40%. 465% to 90%. 


the cost per million gallons per day capacity would be one third of that ind 
Operation costs, however, are certain to be high in difficult cases. No 


‘ee general rule can be given owing to wide discrepancies in local prices of sulfuric 
3 : and caustic soda. In July, 1941, the New York price for salt was $13. 78: a 
ton; yet at the plant of the Metropolitan Water District of Southern Cali . 2 


fornia, the delivered price at the same time was $4.30;to $4.70 per ton. Sulfurie 
ca although quoted in New York at $16.50 a ton, has been known to be . 
in large quantities at $11 a ton. Sodium hydroxide, quoted in 
_ New York at $46 a ton, can be delivered as low as $20 a ton at certain locations. 
In any particular case it would be necessary to calculate the chemical cost 
with amounts to be used and the cost of delivered chemicals. — The amount oa 


—_ acid should be based on 0. 2 lb of sulfuric acid per 1,000 grains of ions removed, — 


“hydroxide for 1 ,000 grains of i ions (as carbonate) 


igh in bicarbonates lend themselves to high reductions | in total a 


high in sulfates and the addition of an alkali to 
produce a noncorrosive water if both cations and anions are removed in large 
amounts. .The Colorado River water illustrates this type of water. _ With no = 
ch thought of recommending the following schemes of treatment, but using them - ; 
yf only to illustrate the complexity of reactions and wide variation in costs Fg 
involved, illustrations follow | as to how to produce water with a hardness of i = 


] 
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linity of the mixing water. This ADsUSTME 
treatment requires a sulfuric acid (Parts per Million) 
= dose of 550 Ib per million galona = ae 


It should be observed that were 


a lime to be used to produce’ such a 


as Total hardness. . 
__ water, the sodium ratio would exceed 


an allowable (50%, reaching 53%. 
- From the standpoint of first cost, mf Ai 
‘A this type of treatment for this water — 


is by fer: the most economical be- 


Colorado ‘Riser. —Many are the > possible combinations of various: 


Peas of treatment to bring the Colorado River water wi 
"stated. Particular attention must be given to the increasing sodium sah 
as hardness is removed, to reduce sulfates, and to be certain wns the final 
water is not corrosive. Without regard to the cost involved, one logica 


ea | 2. Passing 77% of the water through a cation exchanger to a a sodium oe 
Be content of 10 ppm and aerating to remove the increased carbon dioxide acidity; = 


3. Treating the cation effluent in an anion exchanges hed zero 8 sulfates and oe 


4. Mixing 23% of the ‘excess lime-softened the 


passed the anion exchanger to give a hardness of 70 ppm; sand 
Addition of 15 ppm of calcium carbonate, 


The raw water and treated water analyses would be as-shown in | Table ee 


7 which the water has been softened to. 85 ppm, with a sodium tatio of less ie 


than 50%. Tn this case the sulfates have been lowered to less than 250 ppm, 


5 500 Ib of sulfuric acid, 4, 700 Ib of sx um hydroxide, and 125 Ib of calcium a 


upon maximum freight and smallness of plant capacity. 
Ne the Colorado River w water not to be softened to 85 ppm, 


4 


Case 1. Los Angeles Aqueduct.—In the Los Angeles Aqueduct (see Table 5 
cation treatment is necessary on 23% of the flow which, after 
is mixed with 77% of the untreated water. The acidity produced by 
_ 
Raw |Treated| Raw |Treated 
water | water | water | water 
ait | ss | | ss 
| 43 | 33 | 1 | 37 
128 | 80 | 138 | 15  ####$ 
Mate..........) 45 | 45 | 380 | 87 
lowwhich 
cL. 
— 
Case 3. Treatment of Irrigation Water—There are many instances 
j which high sodium and sodium chloride waters may be corrected to the ma- 


ORGANIC ZEOLITES 
terial of irrigation. For instance, a sodium water « of 120) ppm with 
50% sodium ratio and a chloride content which should be reduced by 200 
a & ppm could be treated for $15 per acre-ft. he It is realized that this cost is rela- - a 4 


tively high and would be restricted to the more valuable crops; yet waters of 


f any location where water is treated to remove — : 


instances where nye and bad waters are mixed so that the mineral of 
a the water applied to the land shall not be detrimental for agricultural Purposes. — 
4 In the Southwest it has been "generally conceded (8) that. the sodium Tatio 
ey ae (namely, the percentage of sodium in relation to the total calcium, magnesium, 


at and sodium content expressed i in 1 equivalent weights) should not exneed 50% 
except on 1 well-drained soils where a limit of 60 might be tolerated. Values 


of 70% or r 80% are known to be detrimental for agricultural Purposes. 
sit 


_—- presence of a high ratio of calcium and magnesium salts to sodium salts is 
me 3 apparently beneficial on water used for irrigation purposes. “It is also known 
that when relatively hard waters are treated with sodium zeolites such waters Bie! 
“tins 
used for irrigation purposes destroy lawns and shrubs. This w was 


ao, frequently by the. writer at Beverly Hills, Galif., where private zeolite plants 
have been installed at different residences. There are many irrigation supplies 
Bene in which either the sodium, chloride, or sulfate content is so high that the water 
gannot be used beneficially for agricultural purposes. Minor corrections 
ss mineral « constituents would goa long way toward making successes or failures 


= many questionable: water s supplies. Therefore, i in the reduction of mineral 


ad 


contents in irrigation waters, there are many cases in which it would be desirable he 
Case 4. Boiler-Feed Water. —In the treatment of boiler-feed it 
“necessary to remove solids to control scale formation and corrosion 
ide 


embrittlement, and to reduce carry-over. toa minimum. For quite some time, 
= high carbonate waters have been treated with acid followed by degasifying — Es 
80 that sodium bicarbonate cannot later break down into carbon dioxide and 3 
~ sodium hydroxide i in the boiler. It has been found that the increased cost of 
making water softening equipment acid resistant, ‘together with the cost of | 
acid, is more than offset in many installations by the reduction in total solids 


acidity p by the hydrogen zeolite, and the carbon dioxide i is 
by aeration. Obviously, water of any total solid content can be ‘produced 
using: “mixtures of raw “water with treated portions from cation and anion 


“4 
— 

; 
\ 
— 
— 
— f 
determine the best type of treatment. Most cases require a reduction in total | 
as an solids. _ The total solids of Los Angeles water can be reduced from 225 to 141° | 
ae ee by 50% treatment with sodium zeolites and 50% treatment with hydrogen ™ 


Th he cost of reducing | he highly bicarbonated Los 


up to 3 or 4 ppm by use of éation anion exchanges 

a Silica is not _Temoved by positive and negative exchangers and heavy 
ag ~ coagulation doses of 300 to 400 ppm of alum may be used prior to the zeolite mee 

a Case 5. Special | Cases.—Ice plants desire water with total solids: of less 

than 350 ppm. Beer is best when made with a ' “plastered” water low in eee 
sodium salts. — Cartridge | cases and washed surfaces, requiring clean and eae 
faces to prevent jamming, need practically distilled water. Color ‘photography 
equires water with bicarbonates removed. = wad 

Cities with concrete sewers and with sulfates: present ir in the water supply — 


ould stop disintegration entirely by removing sulfates. Railroad 


is mineral sulfates could be by the 


negative i ions, or in n part, provides methods for softening 
_ water, reducing sodium content, removing excess alkalinity, lowering sulfates, 
reducing chlorides to produce suitable water for domestic, irrigation, | 


te secure an adequate working plan are involved. _ Although the costs of 
4 operation in the more aggravated | cases. may be relatively high, they are in 
cases not prohibitive and are certain to be as inoreased production 


ange J by R. J J. 
j and J. Myers, I and Engineering Chemistry, 


sis $15 per million gal 
‘ 
— 
— 
d These and other cases indicat 
8 
ij 
“4 
— 
a 
. W. W. A., Vol. 82, No. 1, January, 1940, p. 85. 
df (3) “Zeolite Softening at South Orange, N. J.,”” by Rob 
od bid., Vol. 33, No. a 
) “Trends in Zeolite Softening,’ by Sheppard T. Powell, vo. 
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a (S) “Water-Softening and Filtration Plant of the Metropolitan Water Distt i 

of Southern California,’? by James M. Montgomery and William W. 

Aultman, ibid., Vol. 32, No. 1, January, 1940, p. 1. 


(6) “Absorptive Properties of Synthetic Resins. ‘Part I,” by B. Adams and 
E. L. Holmes, Journal, Soc. of Chemical Industry, Tol, 54, January ll, 


a oF, (7) “Removal of Salts from Water,” by R. F. Goudey, Journal, A. W. W.A 


= Vol. 32, No. 3, March, 1940, p. 435. 

(8) “The Use of Softened Colorado River Water for Home 
Oscar C. Magistad, ‘ibid. Vol. 33, No. 5, May, 1941, p. 883. 
“New Trends in Boiler Feed Water Treatment,” by F. G, Straub, T'rans- 
actions, Am. Inst. of Chemical Eng., Vol. XXXVI, 1940, p. 395 
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obtained i in water treatment make water-works chemists and engineers wonder 
what the plant of the future will be like. — Mr. , Goudey h: has presented an excel- 
a ~ Jent review of the work that is being ; done in connection with the softening and 
demineralizing of water by means of base-exchange materials. Hon. 


will probably result in the production | of materials. 
principle having been established, organic research chemists no doubt will 
work to produce materials with greater exchange capacity, improved exchange 
efficiency, regeneration with less expensive materials, and property of 
_ Water softening by base exchange, using either natural or synthetic siliceous a8 
zeolites, has been practiced for many years. As a result of this long, and i oe 
Been cases sad, experience, the properties, both good and bad, of these ma- 
terials are now well well known and, where emer are right, the > materials a1 are 
On the other hand, the organic exchange materials are still in the develop- , 
‘ment stage. It is true that carbonaceous | zeolites: have been 1 used for several s 
years sand appear to give good results when used on either the sodium or hydro- 
- ¥ gen cycle, but the number of installations is too small and the time of service ; 
too sh short for the establishment ¢ of definite standards. It is known that the 
products of some manufacturers have shown a to break down 
“service and produce black water. Synthetic resins are really in the develop-— 
~ ment stage, and there are but few actual installations, some of which have been ; 
 Spentinting to both customer and manufacturer. Probably a long period of Te 
experience, experiment, and education for both manufacturer and user lies — Te 
. . ahead before all of the difficulties incident to the use of | organic - zeolites have 
- been discovered and corrected. Such materials must have a useful life a 
several ‘years, , and unfortunately satisfactory accel lerated tests s have ever 


spank The properties possessed by organic ze zeolites are remarkable e enough witho 
some of the extravagant: stories that have been told about them 1. Contrary: to 
information | furnished by certain popular science editors, it is impractical 
use them to -demineralize sea water. In fact, even if the materials were 
4 thoroughly proved by experience, the cost of demineralizing Colorado do River 


ri water, as shown by Mr. Goudey, i is too high to warrant consi sidera ation. EB ‘igh 


exchange capacity i is but it has apparently been accomplished b 


J. M. Montgomery & Co. » Los Calif. 
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ae: 06 lb per cu ft of zeolite. ‘The use of 3.11 lb per cu ft gave an woheage 
a value of 8,400 grains per cu ft, and 81.06 lb per cu ft gave 29,800 ) grains per 
eh cu ft, with proportionate results for intermediate quantities. The exchange 
Bias value of 8, 400 grains was accomplished by using approximately twice the a 
ae theoretical quantity y of salt. This approaches the economy of good, synthetic, = 
a gel-type zeolites. The exchange value of 29,800 grains per cu ft required wes 
Sa use of approximately sixteen times t the theoretical quantity of salt. In other 4 o 
i i words, it would cost eight times as much to operate at 29,800-gr -grains-per-cu- ft, 
ss exchange value as it would to operate at 8,400 grains per cu ft. Actually, the : 
. i? organic zeolites so far developed would seem to be approximately equivalent — 


to a synthetic gel- type zeolite in both exchange capacity and regenerant con- 


_§ 


sumption when operated in either the sodium, hydrogen, or removal 
cycles at economical exchange values. hiv 


ae When organic naetiins are used in the two-step process for removal of both 


ae than is salt, ‘and “both sodium carbonate and sodium hydroxide, which are 
usually used for ‘regenerating the anion removal material, are even more 
difficult to rinse out than sulfuric acid. When the water softening plant -4 
= “ae _ The Metropolitan Water District of Southern California was being designed, 
. investigations were made of the two-step demineralizing process, Statistics 
2 a ie urnished | by the zeolite manufacturer at that time indicated that the quantity 
oe of rinse water that would have to be wasted would amount to 124% of the 
_ total plant influent when treating average water and would increase to about | 
- 20% when treating the much harder water that is now stored in Lake Mead 4 
Lake Havasu (Arisona- California), and Lake Mathews 


as with 2% to 4% at ‘the Colorado River 


‘its and horticultural "purposes, although 
rp eo years’ use of softened ‘municipal water at Beverly Hills, Calif., 


4 high sodium percentage, has not decreased the beauty of that city’s gird 


estates. It seems probable, however, that the plan suggested by Oscar 
Magistad (8) for Ge effect, if any, , of high sodium water would be 
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and d gardens than in any other in United States. pont 
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~ landscaping seen on all sides is not ‘ait as a result of planting and watering» 
' alone. Well-kept lawns are torn up, fertilized, and reseeded every few years, — 
and flowers and ‘shrubs Tequire fertilizing frequently. If high sodium water 
4 
should finally | prove, after long use, to be unsatisfactory for domestic irrigation — me 
. to the removal of calcium from the soil by base exchange, it would seem 


to restore the proper ratio should cost dollar 


or two per year | for the average home. 


such as as Mr. Goudey is ‘doing in investigati g new base-exchange 
a ‘eshastals will help to speed the development of improved products. It is to 


be hoped that h he will ¢ continue his researches and help to keep 
S chemists and engineers informed of future progress. The Metropolitan Water 


. ass operating the largest zeolite softening plant i in the world, also | will 


continue its research, begun at Boulder in 1938. Facilities 


Davenrorr, Jr.,! AM. Soc. C.E. —The writer’s experience 
“of ten years } with the use of i inorganic zeolite for treatment of water used in 


 . (1) It is very satisfactory for most waters of 18 grains per wi of ee 
or less. ‘The Atchison, Topeka and Sante F e Railway Company does not 
usually treat water having less than 5 grains of hardness. to. 
a — (2) When the hardness is much in excess of 15 grains, the zeolite te process — : 
will produce treated water that will cause foaming and priming in locomotives, i 
so the railroad must use a lime-soda treatment that will reduce the total solids. © + 
pani (3) About 50% of the water treated with zeolite causes: disintegration of oe 
the mineral in excess of the usual annual loss guarantee. Some softening “~ 
- plants: run as high as 14% loss of mineral per year. _ Jiven then the replacement — 
gost is relatively small, and is insignificant as ‘compared with the advantag 
(4) Corrosion of pipe lines and other steel surfaces coming in contact with 
the softened water can be avoided by using about 50% more wash water than is 


usually recommended by the manufacturer. It is the practice of nelle sd % 


which guarantees that the plant will not be back in service until the salt content — 


dd Fe” to determine the ‘proper quantity of wash water by a silver nitrate test 
.: the effluent is within 5 grains of the original salt content of the raw water. _ 


not recognize, since they do not like to admit that so much water should be — 


i is a very important point which, as a Tule, zeolite plant manufacturers do 
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(8) Fe” has obtained organic aeolite 
plants, no convincing reason for their use in treatment of locomotive supplies 

has been presented by the manufacturers. . In addition to their higher first 7 

ste ‘ae there is also to be considered the | practical difficulty, i in the case of hy- 

- drogen cycle plants, of handling acids as compared with salt solutions. Highly . 


284 


trained employees, such as are essential to a large municipal plant, are not — 
available for operating railroad softeners. Inf fact, the tendency is to eliminate — 

: a the human element by installing fully automatic zeolite plants, operated by — 
-—alectre motors, which only require occasional services of a man to kee ep the 


es me lime-soda Process, but cannot take its place for the treatment of most a 
waters in the W estern States. — Some waters will cause much more loss of 
ee: than manufacturers will admit is possible, but even in such cases fae 
operating cost is reasonable and advantages far exceed disadvantages. — Long 
life for piping and | equipment using zeolite treated water can be predicted, if 


_ sufficient water is wasted in washing out the ‘mineral during the regeneration 


- oi _ Use of inorganic zeolite does net appear practicable at the present for r rail- 
= ; oy road water softening due to the high cost of apparatus and lack of skilled at- 
tendants. By spending extra money for fully automatic equipment, the 
ag ordinary zeolite plant can be made “foolproof” and will render out 


service, if restricted to treatment of suitable waters. 


3 
4 


Clark of Scotland, about a century ag ago, the process of 
Gate lime water, and J. H. Porter, more than fifty years ago, introduced *. 

bane ‘Both of these | processes have been modified and improved by better ¢ arrange- 
pat ments and devices for the coagulation of precipitates and by the use of carbon “4 
dioxide and chemical dispersers to prevent the accumulation of carbonates 


ad filter r sands and in distribution : systems; but even the best of these modified — 


processes has its limits, and reductions of hardness below 80 ppm have been > 
impracticable and difficultin most cases, 
a: pig ‘The writer first heard of base exchange softening at a conference in Breslau, 
3 _ Germany, when the work of W erner Gans* was mentioned in connection with | 
iz deferrization problem. _Bince then, the development u zeolite 
softening has been extensive, and would be wider if communities would only q 


~ fabrics, and less depreciation of water-u using de devices, will follow the use of 


Cons. Engr. (Weston & Sampson), Boston, Mass, 

““Verbesserung von Trinkwasser u. Gebrauchswasser fir hausliche u. gewerbliche 
 Alluminat-Silicate oder kinstliche Zeolithe,” by Werner Gans, Mitteilungen aus der Prafunge- 
 anstalt far Wesserversorgung u. Berlin, 1907, Heft 
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first experience with softening by ‘natural zeolite at McKees 

nee Pa., in 1924,7 and his later experience at South Orange, N. J.,* and 

lsewhere, the writer has had.almost no municipal cases where the residual — * 
compounds were in high enough concentrations to be intolerable. He has 
realized how great the need is for some method of lessening these concentrations 
_ however, notably compounds of sodium in many waters which have initial 
Following z zeolite treatment came the combination treatment with lime and 


Le Then, e: early i in 1938, ‘ince’ ‘appeared | on the market anion and ¢ cation | ex- 
_ changers by the use of which, either separately or in combination, not only the 
“hardness but the sodium content could be reduced to zero and the total solids 
greatly reduced as well. _ An excellent classification of these zeolites appearec 
It seems almost fanciful that there are durable, organic cation exchanging 


zeolites on the market which will r remove hardening carbonates and 


in the form of carbon dioxide gas sand which may be regenerated with sulfuric 
acid, which, when combined with calcium, is a superlative water hardener; — 
4 or, that there ; are anion exchangers which will remove not only bicarbonates but 


require sodium hydroxide for regeneration. = ast} 
Therefore, particularly valuable is the description of the aut or’s research. 


_ work and the clear exposition of the reactions involved. Interesting indeed is 

the showing that hydrogen zeolites may be used to remove either calcium o 
magnesium, or both, and that both the hydrogen and sodium cycles may be pe 
used on portions of the same water and the two mixed afterward. 

Ee All of the great possibilities that have been made available through ‘the 
‘improvements in the durability, economy, and efficiency of the organic zeolites: : 
3 should make it possible to say farewell to turbid artificial ice and to boiler seale, 
= to wash windows with waters of the desert, and to wash wool with waters from 


One rather | shrinks from handling sulfuric acid or caustic: soda. asa re- 


However, resistant apparatus is available and may used for success-_ 
ful handling where efficiency and cost are at stake. 


ew One also asks if some of the regenerating chemicals may not be saved and re- 
used, as is part of the brine at South Orange (8), with consequent material — - 
In closing, the writer pleads for a simpler e expression of the salt consumption 
fer regenerating zeolites than is involved in the use of the term ‘ “grains”; for 
example, the expression “1.2 Ib of hardness per cubic foot” | ‘seems simpler «ANE 


we 


han “8, 400 grains per cubic foot” ’—especially to those who think of hardness 
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that thos se who waters have thought i in n “grains” for more than half 
Harvey F. Lupwic’ anp G. Juniors, Am. Soc, 


eae CE. —An pepe review of what may | be accomplished in the water 


“jon or 
exchange”” —and the writers believe ‘that bret but critical analysis of this 
exchange | phenomenon would be of considerable interest. basic mecha- 
- nism has wide and important, but generally unrecognized, application in many 
engineering fields, particularly i in sanitary engineering. ag ae y 
ae Colloid chemists have determined that the ion exchange p properties of 
- geolitic material in aqueous suspension result, from the existence of an electrical — 
i double layer surrounding the nucleus or core of f each particle. At the surface — 
of the core reside re relatively fixed charges or ions (“stabilizing - ions”) . of either 4 
positive or negative charge; these make up the inner part of the double layer. 
The outer section an envelope of oscillating io ions (“adsorbed ions” or 
: “exchangeable | ions” or “replaceable ions”) of opposite charge which diffuses 
into the surrounding medium (water). In the ordinary hardness- 
removing zeolite, for example, each particle (nucleus) is negatively charged, 
e and this is balanced by an outer layer consisting largely, in freshly regenerated 
rf zeolites, of sodium ions (Na*). These adsorbed Nat ions are highly dissociated 
‘ —that i is, they oscillate relatively far into the dispersion medium because they 


4 
2 


ost The degree to which a particular ion will be held or adsorbed by the i inner 
cs layer may be termed its “exchange adsorbability.”’ The magnitude of this = 


Varies inversely with the hydrodynamic size of the ion, and directly with its 2 SS 
oy valence. Ions in aqueous solution are thought to be hydrated or surrounded 5 ee 

er by a water shell of diameter inversely proportional to the actual size of the 

a ion as it occurs in the crystal lattice. The c combined effect of valence and of 

bas hydrodynamic | size has been n expressed"! by the term “oscillation volume,” : 

representing the effective volume occupied by the oscillating ion, or, in other 
wo the width of the double layer. The smaller the oscillation 
e more regret an adsorbed io ion is held and the greater arene ad 


classified in increasing order of their exchange adeorbebility as follows: Nat, 
Kt, Mgt*, Cat, H*, and The trivalent Al*** and Fe***, when 

- they exist as such, are strongly - adsorbed . The action of the H* ion is anoma- 
lous, but usually it behaves like a weak trivalent cation. The anions may be 
classified, but i in general ‘much less: is known of of their behavior ‘thai 


* Asst. San. Engr., U. 8. Public Health Service, Atlanta, 


a Colieide, Stanford Stanford University, Calif 1938 


consumption it would be simple per pound, 
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outer layer, then the phenomenon of “adsorption exchange” will | occur, in 
which ions initially present i in the outer layer are displaced by those from the - 
- dispersion 1 medium. The degree to which one ion wili displace another will | 
upon the relativ exchange adsorbabilities a nd upon the relative 


of water with ordinary the hardness Cat* and Mg*+, 

displace the less. strongly : adsorbed N at that is initially present in the ee: 

g and are thereby removed from solution. — In the process of regeneration, the 
weakly adsorbed Na* is is made to displace Ca*+ and Mgt* by leaching the 


zeolite with a great "preponderance of Nat Occasionally some or 


that they may not. be: appreciably displaced by 
and i in time the zeolite ‘wears out.” As noted by Mr. Goudey, wearing out 


may also occur through of the zeolite structure in the 


Flocculation of Turbid Waters.—The mechanism of adsorption exchange 


has a multitude of other 2 applications of interest to the civil wae ade In the 


important in that the stability of turbidity | (clay) results 
largely from their zeolitic properties. Each particle is surrounded by | an 
electric double the outer section of which consists of various 
(combinations of Na*, Kt, Catt, Mgt", and H*) of positive charge. The 
_ particles therefore senel sath other, resisting their natural tendency to aggre- 
gate; and the forces of Tepulsion are proportional to the effective width of the 
layer. When alum (or a similar coagulant) is added to the system, “a 
a portion of this dissociates to form Al*++ ions. These replace. the cations xy 


initially adsorbed and thus reduce the effective width of the double layer to Fa 
a critical value at which the no other but inste sad 


q settle out quickly standing. 9 The ion 

are important in this process because by this eaesinn the initially stable. tes 
urbidity particles are rendered unstable, so that they may be entrapped a 
easily by the agglomerating hydrous oxide floc. The’ ‘coagulant demand” or — 

osage of coagulant necessary to flocculate a given water therefore may be 
considered as comprising two parts—a ‘ ‘perikinetic demand” or that part of 1 


4 


alum which dissociates to form and a. demand” that 


pe sae de he action of Al*** on, the system reduces the forces of repulsion — 


‘such that the particles will to aggregate. system is 


in the dispersion medium there are ion 
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+4 aluminum oxide, Theos ae excellent binder mater and when he 
of hydrous slumingm oxide. 2 serve to entrap or “wrap up” the 
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LUDWIG AND 1 LUDWIG ON onaame ZEOLITES 
kinetically ”) The ‘ ‘optimum pH” for any turbid “will be 
exe that at which the added alum will dissociate and hydrolyze just as required — 
7 ae the relative magnitudes of the perikinetic and binder demands. These © 
_ concepts of the mechanics of flocculation were originally presented by the a4 
writers in a previous publication.* Their studies are being continued in the — 
‘Sanitary Engineering Laboratories of the University « of California, at Berkeley E 
under the direction of Prof. W. F. Langelier. 13! 67,0 
Soil Corrosion. .—Another important: application the ion exchange 
4 principle i is found in the study of soil corrosion at The basic mechanism 


the clay have been. displaced by be the n nail. ‘This phenomenon i is 
undoubtedly important i in the corrosion of metallic pipes laid i in soils containing a 

replaceable hydrogen. Similarly, the deterioration of concrete pipe laid 
soils containing adsorbed Mgt+ properly may be attributed to replacement of 46 


a The question arises here a as to. just what adsorbed cations might be expected | 


tion of adsorbed cations (called the ‘“‘saturation or “base exchange’”’) 
ae and the specific types present will depend largely upon climate, particularly ae 
upon annual rainfall.“ The adsorbed cations in soils are associated with those is 
soil particles of colloidal size (about and less), termed the. ‘soil colloids; 
_ these include both the i inorganic colloids (clay) and the organic humus colloids. = 
adsorbed cations generally include Na*, K*, Ca++, Mgt+, and H+; and 
af the saturation capacity is’ usually expressed ¢ as the sum of the ‘exchangeable 
bases (Nat, Kt, Cat*+, Mg**) plus the. exchangeable hydrogen (H*), all 
ee measured in milligram equivalents per 100 grams of soil. In arid regions the 
E soils (alkali soils) contain relatively few colloids and therefore have low satura- , ‘i 
tion capacities; the replaceable cations are all exchangeable bases (about 


"50% and K*, and about 50% | Ca** and Mgt), there being no exchange 


tude of 25 in.), , the leaching a action of the percolating water results eset . 

+e ment of some of the exchangeable bases by H* ions derived from the free 
_ carbonic acid in the water that percolates through the soil. . Simultaneously, — 
ae there is an increase in the saturation c capacity, because the increased percolation | 

hastens the weathering processes by which the noncolloidal primary soil 
_ minerals are converted into colloidal particles (clay), and because the increase _ 
a in vegetation associated with increased rainfall increases the concentration — 

of the humus colloids. In such soils (chernozems) the adsorbed cations 

_ comprise from 1% to 10% each of Nat, Kt, Mgt*, and H+, with about 75% — 


humid regions, the soils’ are 
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“Laboratory Flocculation of East Bay and the Mechanism of Flocculation in Water rurinca- 
tion and Sew: Treatment Practice,” by H. F. Ludwig and R. G. Ludwig, Cali ornia Sewage Works Journal, 
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. LUDWIG AND LUDWIG ON 0 
high saturation and comprise about 70% Ht with the remainder 
mostly Cat* and Mg**, there being little or no Na* or Kt. 
interesting to ‘note that the physical and chemical properties of soils 
generally controlled by the magnitude and nature o of the soil colloids, 
4 although these usually are only a fraction of the total soil mass (about 10% 


in ordinary loams, for example). — _ Further, the properties « of these colloids are 


he 


determined by the concentration and nature of ‘their | 
: cations, and these represent only about 5% of the soil colloid ‘mass. a 


two examples have served to illustrate how prevalent 
ion exchange reactions may be. There are many other instances, as, for " ; 
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tices; and all related activities designed to obtain beneficial conservation, con- 


increase in = to in a general way their extent, aims, , and 
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"UNUSUAL EVENTS THEIR RELATION TO 


ba FEDERAL WATER POLICIES | 
By W. Hoyt,? M. AM. $06.61 


Discussion By Messrs. Epwarp H. Sarcent, Dana M. Woop, 


Sweet, J. L. CAMPBELL, Davi J. Gor, Fry, AND W.G. 


Within» the 10-yr period between 1930 ; and 1940 there: were 
changes in federal water Policies and n than a tenfold increase in federal 


+ one-half fold during the same decade. During the fiscal year 1940 alone, some 
$500, 000,000 or $600,000 of federal money were ‘spent on measures and 
practions relating to storage and appurtenant works for irrigation, power, flood 
eontrol, water supply, water spreading, debris control, recreation, and wild-life 
refuge; upstream engineering, agricultural, and land-use measures and prace 


- trol, regulation, and use of water. — During 1930 the sum of money so expended 


eS only about one tenth as much. The purpose of this paper is to inquii 


into the basic reasons underlying the changes in water policies ‘and the large 


in accord with the long-established toward centralization 
‘governmental responsibilities and corresponding expansion in federal public 
a _ works. Others feel that the increase has been mainly due to the crossing of a a 
“Rew ar and largely unexplored frontier and to a normal, though rapid, expansion as 
“a in long-deferred conservation and wise utilization of soils and waters, which i 
a unquestionably two of the vital natural resources of the United States. — 
“Beil < others ers feel that t social security, which was certainly a major political con- 


4 as 


Engr. Water Resources Branch, U. 8. Geological Survey, Washington, 
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EDERAL WATER POLICIES 


of many contributing causes that are it 
would appear that the indicated increase in activities relating to the conserva- 


on and control of water can be ascribed largely to the concurrent effect of the 


> @ (1) The 1930-1940 decade \ was characterized by a degree of Nation-wide , 
a abnormality with th respect to climatic ¢ hydrologic that. has 
probably n not been exceeded during the past century; 
(2) The impact of an economic crisis with symptoms that heen 


in 1929, and the about in political 


vate is a genuine menace to the national welfare. 
Obviously these three reasons are closely r related. — For example, the abnor- 


; with respect to meteorologic | and hydrologic conditions created the 
ze 3 necessity for the rehabilitation of devastated areas, the repair of damage result- 
_ ing from the unusual events, and the construction activities looking toward — 
alleviation of future occurrences. These i in turn provided an outlet for relief 
work and funds that were made available as a result of the economic Ine 
_ addition, the visible evidences of the erosion and loss of fertile soil, and its trans- _ 
portation and deposition associated with the widespread floods and with the © 
3 conditions arising from deficiencies in water ‘supply during droughts, undoubt- : 
es edly hastened the adoption of federal policies ner to the ene 


eae 1889 there have been eleven well-recognized drought years in the United i 


| States, It i is not fully Tealized, perhaps, that five of these major oe of 
record ‘occurred the 10 years to. 1940, as follows: wad 


- Practically all states east of the Mississippi 
ty North Dakota, and Montana 


al all of the United States 


; Atlantic. seaboard, Southern States, and 


ude All of the Mississippi River Valley and north- 


~ ob 


of 1930-34,” by John C. Hoyt, Water-S: ly Paper No. 680, U. 
1936; also Drought of 1936, by the same author, W. ‘Supply Paper No. 820, U. 


— 
— 
ii 
— 
— 
iii 
— 
— 
= 
.... Upper Mississippi Valley. Nevada and Utah, 
— , 
3 
recorded in technical renortes that it ceame wnnersccary mo 


POLICIES 


‘directly 1 for many y new national policies. 
ahi Floods, like droughts, also affected all parts of the Nation. Stages and 
ae discharges, and | resulting damage in basin after basin, broke all historic records = 


3 


Fic. Drovers, ALso Arrecrep ALL Parts oF Nation. MaHOoNING 
my Western Pennsyitvania Is One or Six Dams Desicnep as Part or Taz Wan 
4 Department's COMPREHENSIVE PROGRAM FOR THE CONTROL OF FLOODS IN THE 
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La Cafiada V alley, California 
une. . Republican a and Kansas rivers in 
pena aks et 4 Nebraska, and Kansas; and the Nueces and g 
= All river basins i in Northeastern United States 
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FEDERAL — POLICIES 


land—believed probably to have destroyed 
or more lives and property than any previous 
sagen natural in | the history of f the 


‘Sool 


d ar ajor and Tecord- -breaking 
floods occurred in scattered areas on smaller streams. _ Although not absolutely 
indicative of the unusualness of the past decade with respect to floods, it seems op 
very significant that, out of 6,792 maximum peak discharges covering all — oe 


available records through September, 1938, 4 3,137, or nearly 50%, 


es during the 8-yr p period ending in 1938. With respect to the March, 1936, 
flood and the flood of January and February, 1937, in the Ohio River Basin, 
geologic evidence, suggestive rather than compelling, seems to show that in i 
= parts of the area they exceed in height any previous flood. Most of the other 


a 


i floods listed are clearly outstanding and unusual as shown by : Myers’ scale or 


Jet sends home forcefully to the entire Nation the value of water in ss 
connection with its economic development or that the cataclysmic flood events — 
5 made a deeper impression on policy makers, than ever before, of the need for _ 
comprehensive program involving Nation-wide flood control with incidental 
4 _ benefits to power, navigation, irrigation, recreation, and related values, 


} ay Although it is somewhat difficult to’ ascribe definite reasons for the ae 


 inan ges need of the federal reclamation idea from one of large develop- 
ments on arid lands to an all-embracing | use of water for irrigation of both aa 


4 my to of September, 1938,” by C. G. Paulsen, B. L. Bigwood, A. W. Harrington, O. W. 
Hartwell, and H. B, Kinnison, Water-Supply Paper No. 867, U. 8. Geological Diet 
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ay and June............. Canadian and Pecos rivers, New Mexico | 
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much to do with the — 
itis probably fair to state that the drought in — 


3 


and areas in which problems of played 
- an important part for the first time since the elimination of the Nation’ 8 geo- 
ie graphic frontier; that the widespread disastrous floods resulted in extension of — 
aa federal flood-control activities from navigable and interstate streams to include ' 
others that affect the general welfare, regardless of the size of channel i in which | s 
they occur, ‘and, what i is perhaps more significant, , to includ 
stream engineering” as an integral part of the flood-control operations; ma © 
that the combined occurrences of both unusual floods and droughts resulted 
: mats and extensive federal measures I relating to the conservation of of soil : and = 
water. Noo one can state definitely whether or not the unusual climatic mani- 
-festations would have resulted in new policies and related activities had they 
me not occurred during a period when 1 national (affairs: were be being modified i in an me 
mn effort to overcome an economic depression. The droughts ‘and floods were so 4 
4 unusual that, coming at any time, they would have created an urge, which oa a 
a doubt would have been translated into definite action programs, at least to ; 
some extent, even under more normal economic and political conditions. — . The = 
only question relates probably to the magnitude of the action program. It 2 
_ sufficient for the present discussion to indicate that during 1940 hydraulic — 
en ngineers in federal services were engaged on a a far greater number of projects — 
and on-a far | greater scale than in 1930, and that federal interests in water have 


grown to enormous proportions during the past decade. interest has 


@s 


found expression in several different, though related, channels, 
Prior to 1930 there was no single federal ‘agency that. itself « ex 
a on 4 _clusively to water planning from a national standpoint. _ Agencies such as the & 
Corps of Engineers, Bureau of Reclamation, and the Geological Survey had 
a collected, compiled, and published a vast amount of basic technical information a. 
concerning the Nation’s developed and undeveloped potentialities and pos- es 
sibilities. 4 Moreover, just prior to the decade in question, the major floods Fe “) 
ss during the spring of 1927 in the Mississippi ‘Valley and the comprehensive re- re- 
a: _ port on the Tennessee River and tributaries by the Corps of Engineers Sa 
| eis: responsible, in part, for the legislation that resulted in the “308” reports by 3 
the Corps of Engineers i in which was outlined technical information 


cies, therefore, there was a vast reservoir of technical information that made ee 

4 _ possible the early initiation of many. _of the major flood-control and multiple- : 

use projects hereinafter listed. wed uonres 

“a Early in 1934 the urgent need of large federal public works projects for the 

4 = unemployment relief program led Congress, on February 2, 1934, to ask the a 
President for a comprehensive plan-for the improvement and development of 
the rivers of the United States that would give information for the guidance of - 

3 legislation to provide maximum multiple-purpose benefits. Accordingly, the 

President appointed promptly the secretaries of the Interior, War, Agriculture, 

ee 4 and Labor departments to advise on the development of a water policy and on > 

ad. co the choice of projects; and on February 2 20, 1934, they appointed six technical — 

subcomittees, each assigned to a selected geographical region. The Cablast 
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Committee (referred to 
ean April 20, 1934, rendered its report to the President with qualifying o or supple- 


! mental individual statements by the secretaries of War, Agriculture, and Labor 


= of determining, quickly, construction projects of highest over-all merit in 


a0 now to of phenomena as a ‘major 
- the droughts of the early 1930’s seemed to emphasize that in 1 addition to | engi- Spas 


economic, social, and land problems which had then assumed such great pro- 
portions. ‘This situation led to the appointment in 1933 of the ‘Mississippi Faas 
— Valley Committee of the Emergency Administration of Public Works (PWA) ee 
ae . on through a series of administrative changes, became the Water Re 
sources Committee of the National Resources Planning Board. Under 


first planning of the Mississippi Valley Com 
Pe mittee” dated October 14, 1934—is a quotation credited to Charles D. Norton: 
“Make no little plans. They have no ‘magic | to stir men’s souls.””* No 
ean gainsay but that this admonition set a keynote and has been adhered to a 
subsequent committees. Probably no one federal agency has enlisted 
services (largely voluntary) of more hydraulic engineers and hydrologists i in its 
- planning operations than has the ‘National Resources Planning Board; and 
many of these men are engaged today on its forty-five drainage basin com- 
mittees created to facilitate cooperation among federal and state agencies in 
the conduct of investigations of water in in relation to navigation, power, 
5 municipal water supply, erosion, irrigatior, forestry, floods, droughts, and wild- 


: which are outlined | water problems and progra programs, ‘contain ‘a wealth of informa- 
tion which has not only been of value in connection with present public works 
projects but which will i increase in value as time goes on. Those interested in 
penton as such, will no doubt find much of interest in two reports prepared 

under the auspices of the Water Resources Committee—namely, ‘Deficiencies 
in Hydrologic Data” and “Deficiencies in Hydrologic Research.” 


the Miami Conservancy District, as an aftermath of the 1921 flood 
he and the Los Angeles Flood Control District) flood activities prior to 1930 were 
a ™ generally incidental to navigation and were conducted largely as a function Se 
__ the Corps of Engineers. These activities were directed principally toward the cs 
control of flood waters by levees and improvement of the channels of navigabl me 


_ or interstate rivers. _ The cataclysmic flood events of the past decade, however, 
of the Mississippi Valley Committee of the Publie Works October 1, 1934, p. 3. 
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(April 11, 1940), this Board became a part of the Executive Office o — 
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- Relation to flood control in two notable respects: First, by the adoption of a 
4 = policy which extended the scope of control of floods that af affect human life nd 
ce: property, y, whatever the size of the rivers and channels; and second, by Con- 4 
gressional recognition’ of a relation between land use and floods and the 


necessity for a coordinated land-use and water-regulation program for flood 
oe control. These two modifications or enlargements of policy not only increased 
the activities of the Corps of Engineers but also brought the Department of 
= Agriculture “into the picture” as an active flood-control agency. Here again og Ee 


the increased and new activities demanded the effective service of hydraulic i 


at 


engineers. For example, under the Flood Control Act of 1936, Congress 
= authorized some 270 flood- control projects (most of which had been investi- ae : 


thirty-one states and affecting nearly every sate in the Unicon. 
a ea The Flood Control . Act approved on June 28, 1938, authorized additional — 
ied. flood- control improvements i in nineteen separate river basins, or parts of basins, # : 
and authorized the sum of $370,000,000 for the construction of the projects : 
included in this Act. " In addition to actual construction projects, these acts 
also authorized the Deperimnente of War and Agriculture to make preliminary 4 
examinations and surveys for flood control at some 345 locations. One im- a & 


= portant feature of the enlarged policy was the expressed obligation for the B5 


a 


federal government to assume a larger share of the cost of flood- control opera; 
tions, which had heretofore been a local responsibility. An outstanding our an aS 

relates to the reimbursement (Act of June 28, 1938) of the Muskingum 

aD er; Conservancy District for e: expenditures made by the District in acquiring lands i= ES 

right of ways for the series of fourteen reservoirs in the Muskingum River 

Ee Basin and the inclusion (Act of August 11, 1939) of the reservoirs i in 

the flood- -control plan f for the Ohio 

i "Congressional recognition. of a relation between land use and floods and the = 

necessity for a coordinated land-use program for flood control naturally — ae 

_ greatly increased flood-control activities in the Department of dara 

a 4 which since 1938 has been conducting flood-control surveys sand developing p pro- ae 

; Hood for the reduction of flood damages by the treatment of lands on which oe 

floods originate. Preliminary examinations have been completed on more ae | 


oe than two hundred watersheds a aggregating in area more than 1,000,000 sq miles. ' 


Detailed surveys have been initiated on forty-two watersheds having a total 
Br area of 265,000 sq miles. Flood-control survey reports had been completed = 
od for sixteen of these basins by the end of 1941. Treatment of one of the a 
watersheds has been initiated. the Department of Agriculture, 
a especially, the hydrologists have had to play a very important part since it 
was necessary to evaluate not only the relation between precipitation, land use, ; 
and flood runoff but also to predict how these relationships would be modified - 5 
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)LICIES 


Fie. 2.—Nor Lanp Power DeveLopment Was Trep TO New Fioop-Conrrou 
Crescent-SHarep Saasta Dam Wuice Is More Massive THAN BouLpER AND TALLER THAN 
Granp Is Desicnep ro Meer Tae Ever-Increasine Demand For PowEr IN THE 
Inpustrigs oF NorTHeRN Cauirornia. Dam, THE PrincipaL ENGINEERING FEATURE OF THE 
Crnrrat VaLiey Proyect CaLirornia, WiLL ALso Arp In Fioop Conrron, Navica TION, IRRIGATION 


aa os Not only land use but power development as well was tied in to new flood- “ J 

control programs. The 1936 Flood Control Act permitted the installation of 


penstocks when the chief of engineers : recommended it, whereas the 1938 Act ; 
required that such installation be made when recommended by the Federal a : 
Power Commission. — The latter Act made specific appropriations to be ex. 
- pended by the Federal Power ' Commission in conducting any necessary in- 
vestigations or surveys. This step toward federal development of the power 
by-product was baelle: an extension of the power policy of the Federal e is 
‘Water Power Act of 1920, under which all power ‘equipment an snd.sppertensnen) 


J 


-, 


as 


This indicates a disposition. on the part. of Congress to favor : actual 
developmanh by the federal government much more than theretofore. ‘This 4 
generalization applies whether the primary purpose be navigation, flood control, = a 
is 


or reclamation, although the greatest evidence of the changed policy is disclosed 

through flood-control measures which, in are of 1930- 
1940 flood situation Free 


tos single purpose such as the ‘maintenance ‘of navigation or storage, 
: release, and distribution of water for irrigation. Since 1930 there has been a es 
: profound change in federal participation in multiple-use water projects. A few 
of these projects, however, -Tepresented the consummation of plans proposed 


prior tc to 1930 and, therefore, may not be « directly, related to meteorologic and as 


hydrologic events since 1930. Two such major developments are: The Boulder __ 
vod nd Dam on the Colorado River, conituaniall under the Act of 1928, based on earlier 4 


= 


reports and examinations, a and the Central v alley Project of California, which 

- oat had its inception in reports by the state engineer of California made prior to @ 

iz ‘sage 1930. Most of the multiple-use projects, however, have had their inception | 


-ginee 1930 and 1 are more or less related to the train of events s since that date. 
ee. cae These larger projects are (1) TVA; (2) Fort Peck Dam, in Montana} and 


> Be (1) The all-inclusive TVA (Act of Siler: 1933) was born in the stress of the = 


a Bd swiftly moving days of 1933. . The init initiation of its chain of navigation, , flood- - 
control, and power } dams was greatly | facilitated by the “308” reports of the — 
hag _ Corps of Engineers previously mentioned. Its upstream operations embraced _ 
a water conservation, erosion, forestry, and land “in the interests of Nati al c 
a ore y; use “in the interests of Nation 
‘agricultural and industrial development and to improve 


defense 
navigation in the Tennessee River and to control destructive flood waters in = 
(2) ~The largest earth dam in the world at Fort Post, ca the Missouri River, 
was designed to store 19,000,000 acre-ft of water, with its 4 


>. 
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purpose the of: river navigation from 
mouth of the Missouri River, a distance of 764 miles, with 
control, power, and ‘addition ‘to the 


tion Corps (CCC) directed by the Soil Conservation Service on cme Fr. 
erosion, flood control, and similar - projects from the be eginning of | 
December, 1940, was 67,738,591 man-hr.* 
= The Columbia Basin Project and the Grand Coulee Dam on die upper 
Columbia River, i in the State « of ‘Washington | (the largest single : structure ever as 
to be constructed by man and containing enough material to build a concrete 
road a distance of 5,600 —— will: be used for irri ite power, flood control, — 


de Other projects include the Bonneville on the Columbia. River 
near Portland, Ore.; the fourteen d dams and reservoirs in the Muskingum River i 
; Basin, ( Ohio; the Conchas Dam.on the South Canadian River in New Mexico; 
the Sardis Dam on the Little Tallahatchie River in Mississippi; the Buchanan 
and Marshall Ford dams on the Colorado River in Texas; the Tygart River 
Dam in West st Virginia; in South 
Asan example of the magnitude of these and new great 
may be stated that the ‘Storage capacity thus made available exceeds : 
80,000,000 acre-ft, or considerably more than the combined capacity of all 
reservoirs that had been constructed for all purposes in the United States prior i. 


to 1930. ‘The design, construction, and operation of these structures have 


the U. 8. Engineer Department, the two agencies most actively engaged on ee 
the projects. 1 Problems relating t to hydraulic engineering and hydrology | have 
been paramount in in their design and operation since it was s necessary not only — 
that the project works be safe, but that they should effectively perform their 


_ multiple-use purposes for navigation, flood control, power, irrigation, domestic ae 


— supply, a and the real, though intangible, benefits such as recreation, wild- ae 
life conservation, National Defense, economic rehabilitation, and the like. 4 


Prior to 1930 soil and water conservation activities as a distinct identity 
"separate and apart. from federal irrigation, unquestionably the. first. major 

federal soil and water- -conservation activity, were directed largely toward — 

. experimental research and demonstration projects in the Bureau of Agricultural 

ee _ Engineering, Bureau | of Chemistry and Soils, and Forest Service in the Depart- 
ment of ‘Agriculture. In the Interior Department, the Geological Survey, 


+ since the sian of Maj. J . W. Powell, has been active in studies and measures 


unemployment. More than 53,000,000 man-hr had been expended on the 

‘a project to April 15, 1939. For comparison as to the work relief features, 
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_ 
ai i a Os conservation of soil and water was fully realized by many, the droughts an ee — 

Phe Highth Birthday,” by G. Gilbertson, Soil Consersation, April, 1941, p. 262, 


RAL ‘WATER POLI 


‘April 27, 1935,° states in its preamble ‘ t ‘that the wastage of soil and moisture 


To NatIonaL (4 Basin Listep Fretp ARRANGED TO ConsERVE MOISTURE 


AND PREVENT “Movemant or Water Aone THE Furrows) 
= 


bet acs “to provide permanently for the control and preventio1 
_ and thereby to preserve natural resources, control floods, prevent impair- _ 
ment of reservoirs, and maintain navigability of rivers and — 


public health, public land and relieve unemployment.” 


mocauehiion districts embracing more than 66, 000, 000 acres of land, as is — 
~ evidenced by the fact that the first sentence of a letter by the President, dated - 
February 26, 1937, to the Governors of all states, expressing the hope that — 
_ state conservation laws would be adopted, reads as follows: “The dust storms | 
’ and the floods of the last few years have underscored the importance of pro 

grams to control soil erosion.” Prior to Reorganization Order No. 4, dated 


We ails ‘of the Interior in so far as about 280,000,000 acres of Indian, grazing 
ese 


national park, and other lands under its jurisdiction are concerned. iis re 


ide d the research activities were translated into Ta 
— rovided a stimulu ‘ 
first (1933) in the Interior Department under PWA and © 
— t action program, first (19 Soil Conservation ot an 
4 
Be 
” lares the policy of Congress 
erosion, is a menace to national welfare” and dec Pp 4 
« 
— D 
t Agriculture, but under the terms of the Presidential Orde 
— 


‘FEDERAL WATE 
p Closely ¢ allied with the purpose 0 of the Soil Conservation Act is the so-called: 
Taylor Grazing Act of June, 1934, which ‘provides for the conservation of, soil oe: 
“and water on the vast public domain of the West through the creation and © 
administration of grazing districts. _ Under ‘this act the Department of 


_ a land that theretofore were subject to entry under the publié lend laws. 5 _ 


since 1930 the Nation has the e expansion of we and 
», @onservation activities as such (and apart from irrigation) from researeh into 


addition to o providing an outlet for the employment of the 
ge Works Progress Administration (WPA), and similar “ ‘work relief” organiza- 
tions, this development has times ‘the of hydraulic 


Pi 


he by the Department of the Interior under the Act of June 17, 1902, and ~ 
ments thereof, commonly known as as the Reclamation Act » and under 


lands. Under the Reclamation Act, millions of acres of arid lands of the West 
had been transformed into productive farms, and substantially all expenditures | 
- relating: thereto had been on a basis of repayment by water users. Not ‘in- 

— cluding Indian lands, most of the projects involved public lands, and economic 
problems relating to resettlement and population shifts were not generally of 
. Although federal government was vitally in- 

: tented $ in the relation between the adequacy of water to the individual water | 

ser on the project, it was not especially concerned with the farmer or ra rancher 
on private lands outside of federal projects. _ ond 
. * The water shortages throughout the Great Plains, the dust storms, and the = 
4 - human suffering associated with the recurring droughts to which attention has 
“” been | called led to the passage of three acts, all of which have materially ae 2 

creased federal activity respect to. water. These acts authorized the 

_ creation of the now well- known AAA, or ‘Agricultural Adjustment Administra- 

tion, the Farm Security Administration, and the Water Facilities, all in the 
Department. of Agriculture. Under these acts, investigations, loans, general 
planning, and home-management guidance, relating to the construction and = 

: development of of ponds, reservoirs, wells, dams, springs, pumping works, om 

~ mills, water spreaders, stock-water tanks, flood irrigation, and small irrigation — : 

. ‘systems for single farms or small groups of farms, are authorized with not ee 
a more than $50,000 of federal funds to be expended on a single project. atite vat oof 
3 Ih addition, the Wheeler-Case Act (August 11, 1939) authorized the Secre- 

ta tary of the Interior to construct water- conservation and utilization projects — 


— 
— 
ai lands in the easter and Central Western States were Withdrawn 
entry in February, 1935, by executive order in the interests of conserve 
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tion, Office of Indian Affairs, Department of Agriculture, federal relief agencies, 


and local state or political subdivisions, the water users (except 


_ but where, in general, prior development has used the “cream, ”” as it were, of 
the water. In contrast to 1930, it is now possible ander existing laws for any _ 
landowner or operator under certain conditions %o avail himself of financial 


dependable water supplies in regions: where the supplies are not only scanty 


: a and technical help in the development of dependable water supplies for i irriga- . 


HypRouocic RESEAROH AND Fact FInpIne pare 


of 1930, | federal hydrologic research was restricted generally: to. a few 


experimental areas maintained by the Department of Agriculture under the we 
terms of the McSweeney-MeNary Forest Research Act | or earlier a authoriza-— 
ton, at which the intricate relationships between rainfall and runoff were ae 
_ determined, The fact-finding activities related largely to the Weather Bureau 
in connection with the collection of rainfall, snowfall, and temperature records 
and to the Geological Survey in with the Nation-wide collection of 
records of stream flow, ground water, and quality of water. As a coordinated — 
part of all of the activities previously described, there has been, since 1930, a 4 
__ pronounced increase in hydrologic research activities as a whole, and a a 


‘stantial, although not proportional, increase in the activities of the W eather 


meteorologic a and hydrologic. data. a. The increase in hydrologic research has 


Expanded scope and increase in the ‘number of experimental areas” 


Ht i. maintained by the Soil Conservation Service and the Forest Service for the 3 


‘purpose of determining the intricate relations between rainfall, runoff, “soil ne 
=. _ moisture, and soil movement under different climatic, physiographic, and geo- 


“logic conditions, and the effect of cover and land use on such. relationships. — 


0) The investigation by the U. 8. Engineer Department of approximately 
?e 4 ,000 major storms in the United States involving the compilation of basic 


oe precipitation from all available sources; the preparation of isohyetal maps and, ee 3 
Py on for the more ‘important storms, the construction of mass rainfall curves; and a 


(c) Increased activity of the » Geological Survey with respect to the 
ae _ of hydrologic and meteorologic phenomena associated with floods and droughts. SS 
Expanded hydrologic studies byt the Weather Bureau in connection with 


‘ aS < ke? its enlarged program of flood forecasting and establishment of a a hydrometeoro- 
logical section in which mass rainfall curves prepared by the U. 8. Engineer 


ow 


34 
ose and, in additi 
r and, 1n addition any 
— amount from “relief funds” directed by the Presiden 
all these now activities hyvdrolocw has nlaved an imnortan 2 es 
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Coordinated efforts of the Soil and the Forest 
Service on hydrologic problems involved i in the cremeeeorags snetivities of the 


Fein! ty 


The increase in availability of basic and data 


ty 
Weather Bureau in connection with its Nation- wide coverage, ‘made f possible i in 


q especially the network of recording rain gages installed and 1 maintained by the : 
- cies in the Department of Agriculture; the dense network in Ohio by the Soil x 
Conservation Service i in connection ' with its microclimatic studies; the increase 
in snow observations; and the increase in the number of river-measurement 
stations and ground-water observation wells maintained by the Geological 
Survey that have been occasioned by the demands 8 of, and 1 made possible cod 
the cooperation of many federal and non-federal agencies engaged on flood 
__ gontrol, irrigation, and related problems. There also may be added numerous» 
fact-finding projects in hydraulic | laboratories and experimental areas relating — 
to evaporation, transpiration, wave movement, debris ‘movement, suspended 
: load, and others either independently or jointly by the Corps of Engineers, & 
Geological Survey, Department of ‘Bureau of Reclamation, TVA, 


ee In Tetrospect it has beens made to perhaps, t that the water 


manner than was the case. In the war against. the depression 
8, however, as in the 
activities, there was undoubtedly stress and con- 
fusion. Parts of the activities were acknowledged to be experimental. It is 
too much to hope that under such conditions all policies and practices would 
ever be intrinscially sound. Future experience may be expected ¢ to show that 
Engineers had considerable to do with the design and planning of projects 
=~ also with h the formation of policies, although there may be considerable — 


much to do with the prosecution of the newly authorized activities. Out of eh 
_ their combined experiences should come expressions of opinion and ultimately — 
+ . knowledge that should have weight in the guidance of future changes. and P 
‘trends. To that extent, as well as in the accomplishment of sound results, th 


n 


“For the photographic views i iter is indebted to three 
important agencies of the federal government. “Fig. ig. 1 is supplied through the 
courtesy of the U. 8. Engineer Department; Fig. 2 is from the Bureau of wg s 
Reclamation; Fig. 3 is from the Soil Conservation 8 Service. 3 
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woop ON FEDERAL WATER POLICI 
DISCUSSION 


Epwarp H. M. Am. Soc. C. E—The ‘author is to be 


gratulated on his splendid paper describing the basic reasons underlying the: 
_ changes in the federal water policies in the decade from 1930 to 1940. — tt re 
ar ee The gates of the Conklingville Dam creating the Sacandaga Reservoir: t 


% the principal tributary of the upper Hudson River, were first t closed on on March 
27, 1930, that spring’s flood waters. reservoir has an avail- 


> With reference to the author’ s statement "(pee heading “Multiple-Use 

_ Projects”) that, “Since 1930 t there has been a profound change in federal — 

ie - participation in in multiple- -use water r projects,” the writer feels that the success, 
of the Sacandaga Reservoir in achieving these multiple purposes contributed — 

to the changing of the current engineering opinion regarding such functioning. 


Dana M. Woop," M. Am. Soc. C. E, —This excellent paper rightly 
c stresses the impetus given to multi-purpose planning by quite recent events. 
_ However, the trend has existed even from the earliest days of the Nation, 
was 3 strong long before the past decade. Also, this paper is based largely up 


the effects of Congressional acts, whereas innumerable court decisions also have 


had a very definite part in broadening federal water policies. Of course, both 
the Congress and the courts consist of men influenced by the social impacts ty) 
 — and floods, as well as economic and war stresses. All these factor: 


have been present from earliest days. = 
ee least two other papers should be read along with this one to clarify the 
broad background for present federal water policies. In 1938, James L. Figs" 


flood control, irrigation, and finally planning for multi-purposes. Further 


<i ay progress has hoon made since that date. David E. Lilienthal and Robert H. 


in 1941," emphasized the expansion of governmental business 


= 


and development of multi- purpose projects. Both papers ‘definitely indi- 
ih gate why recent rapid advances in policies and accomplishments have been 


lie in the tremendous ad vance made in the arts during the previous two decades. . 


Head Hydr. Engr., TVA, Knoxville, Tenn. Gi, side 


_---'18“"The Réle of the Federal Government in the Conservation and Utilization of Water Resources, 
by James Lawrence Fly, Pennsylvania Law Review, Vol. 86, No. 3, January, 19388.” 


- 
he 


“a Robert H. Marquis, Harvard Law Review, Vol. 54, No. 4 ,February, 1941. 


ea constructed by the Hudson River Regulating District on the Sacandaga River, _ 


presented the legal development of federal policies with respect to navigation,’ 
activities and the advantages of the government corporation f for the administra- = 


One reason whys so much progress could be made during the decade may 


rete ‘The Conduct of Business Enterprises by the Federal Government,” by David E. Lilienthal and = = 
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The writer had occasion recently to ask the U. S. ‘Weather Bureau for 
efinition . of a drought, , and was much surprised t to learn that the best it shad Be 
to offer, in a hurry, was “any time when there is insufficient moisture to 
different author lists several years” 


- sideration must be given to critically low periods Leahing two years, three years, 
_ or even 1 longer. _ This i is important v with respect to hold-over storage problems — 
from one year to another during such periods. Considering the high degree 
_ of regulation possible after 1945 in the Tennessee Valley, indications (in ae 
vance of complete runoff records) are that the most severe drought of record — 
has lasted from 1939 ) into the current year (1942), with the 2-yr period 1 1930- 
holding second place, and in 1903-1905 holding third place 


“fact that what may be. considered as a ‘critical, with one o objective in 
may be defined quite differently for other objectives. 
: A similar argument might be applied to floods. Regulation which “oe 
ot be fully effective i in @ maximum flood would certainly aff affect the frequency ie 
of occurrence of lesser floods as well as their magnitudes. 
The important effect of broadening federal water policies with respect to 
both droughts and floods is to lessen their damages by adequate planning on a 
large scale, beyond the ability « of private 2 capital or private objectives to 
accomplish. _ Since federal planning should accomplish as many social benefits a 
i on possible, many objectives should be included and the necessary compromises 
made between them. In the TVA this is done through the extensive use of © me ; 
i ction rule curves for all projects, modified from time to time as experience — 
is gained. Herein lies one of the important jobs for the engineer, r mentioned pts ae 
a _ Any mention of the multi-purpose e objectives of federal ; agencies, in the abies. 
Cae a southern projects in particular, should include that of malaria control. e 
The’ TVA, in cooperation with the U.S. Department of Public ‘Health and local 
a agencies, » has worked on this problem from the beginning of its activities. The 
ex creation of large bodies of water where none existed previously, with associated _ 
eg problems of proper beach drainage and control of vegetation along the shores, 
- places the r responsibility for controlling the breeding of mosquitos directly upon ee 
the federal agency that developed the project. It isnot a minor problem. 


_ One problem that will offer increasing difficulties in its solution is that of Pet 
oordinatin; g the work of he various federal agencies engaged upon water 
ontrol and development, to prevent duplication of effort; and to establish 
procedures for the exchange of experience data and engineering information, B; 
a and perhaps even of personnel a at a tim time when it would be most helpful The 


Works is opposed to the benefits obtainable under 
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in thie area and is probably controlling, even when compared 
the longer periods, f lation resulting from. ine 
ynger periods, for regulation resulting from multi-purpose objectives. 
However, if operations were for maximum power producti he | 
es P production, thelonger periods 
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FEDERAL WATER POLICIES: 
all hydrologic activities of the federal government in one 
‘bureau be impracticable under the present circumstances. an al- 
ternative, creation of a hydraulic ‘coordinating joint committee seems quite 
feasible. — This committee should consist of the executives of all branches of — 
AS the government dealing with hydraulic works and hydrologic data. It should es : 
have a revolving chairmanship. It should act not only in the advisory ae S 
fe ity, but should also have executive powers. This would be facilitated by the — 
fact that the head of each agency hn a would serve on the committee and cei 
_ This joint committee should fill in gaps of inadequacy, eliminate over- 
; lapping activities, and coordinate existing and planned work of all hydrologic 
M. Am. Soc. E—The federal water policies de- 
veloped since 1930 constitute one phase of a course of the federal government 
away from that American way of life which rests upon and is sustained by- ‘pri- 
vate initiative and enterprise toward some form of paternalism wherein, — 


$ a the conception that government is the servant of the people ms 


In the first decade of such departure, beginning in 1932, certain phases of 
_ the broad i issue indicated came to the fore in attempted regimentation of some 


of the | economic life of the people by certain programs of the N ational In- 


with said programs, and thst, consequently, basic objectives of the new order 
ould be oye to full fruiti on a only by dictatorial compulsion of all the people — 


government | by dictatorship issue was brought to the 
anaarese Court of the ‘United St: ates, and the Court set up a uae against dic- i ies 


the personnel of the Court has undergone an 
The activities to date of the Tennessee ‘Valley Authority point to elimina 
- tion or subordination of private initiative and enterprise.and substitution of 
government ownership and operation. ‘Similar ‘implications li lie i ein t the Columbia 
3 Basin Project—the Grand Coulee extravaganza—and in other projects of oe 


a comiaon characteristic vividly illustrated in Grand Coulee Dam which came 
oe the Congress as an hydroelectric project asking for only $65,000, 000—a_ 
¥ modest New Dealsum. Then, like the beanstalk in ‘(Jack and the Beanstalk pe 
this project grew rapidly into the and is now com- 
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Gustria. covery Administration and the Agricultura: justment Admunis- 
tration—creatures of the new order—wherein it became evident that the people a 
n | a involved would not unanimously and completely voluntarily accept and comply 
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as a ~use costing nearly $400,000,000. This project is 
ne without the economic justification upon v which private initiative and enter- oe 
prise must rest in expenditure of money. “Such projects have helped mightily 
in doubling the national debt of 1930.0 
The Grand Coulee project includes proposed reclamation of more than a 
.- a — million acres of desert land lying above the high-water line of the 1 reservoir — 
e. - ereated by the dam. This requires lifting the water for irrigation several + ; 
hundred feet by hydroelectric power generated at thedam. This makes Grand a 
4 


os a= Coulee reclamation costly and beyond the resources of the | farmers. Thatland 
; a ; i. be so reclaimed and farmed only if the federal government carries forthe _ 


_ farmers a large part of the financial load. _ The resulting cost of food and x 


Grand Coulee reclamation was put forward and appropriations therefor 
wk were ) made during the time when n the f federal government was proclaiming | an’ a 
a £3 - alleged overproduction of farm products, was putting the farmers into strait 
jnckets, and was expending millions of dollars in retirement of farm lands from 
production for the purpose of reducing agricultural products. The barns and 
granaries of the country are still overflowing with farm surpluses. 
Coulee illustrates extremes to which public appropriations and ex- 
< penditures run under compulsion of political and other pressure groups in the 3 “a 


¥ unusual events of the federal water policies. It is also indicative of what comes 4 
3 out of the whole of the new-order philosophy. Now, more than ever, 
_hecessary or deferable expenditures should cease during the war. 
=a ae Those who support continuance ¢ of such h expenditures allege that projects of if ee = 
: ss the kind indicated are necessary to the war program because of the hydro- 3 | 4 
+ electric power which they would provide. Accordingly, immediate authoriza- 
: 4 gs _ tion o of construction of the St. Lawrence Seaway—a five hundred million dollar 


project—is urged, notwithstanding the fact that several years would elapse is 

a If power for the war is lacking, the lack should be eliminated i in the shortest 
igs way possible. Therein, time rather than cost is most vital . The quickest 


way is by construction of steam plants at points of power consumption. © Gen- 
_ erally, first cost of steam power is far less than cost of hydroelectric power. a 
a Moreover, in most of the war power centers of the country, there would be ss 
little difference i in over-s all costs of construction an and operation as between up- 


eS to-date steam plants and hydroelectric plants. Finally, it would be difficult ; 

a ve indeed for the enemy to find and destroy a multitude of relatively small steam ie a Z 
plants, and comparatively easy to locate and destroy a few great hydroelectric, ‘er 
Is there such lack of patriotism that pet schemes dressed in the guise of 

war need are delaying and crippling war effort? ath 3 
general effect of some new- -order policies is discouragement of self- 


Phy oa ‘reliance, initiative and enterprise, and encouragement of dependenée upon 
government for s ‘social security. That is is not an. an American, or a healthful ,trend. 
Another | regrettable development is s the great expansion in number and size 


4 
| 
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GUY ON FEDERAL WATER POLICIES 
i activities, upon which it is now ‘necessary to superimpose the vast 
te 
= organizations of the government. The President suggests that n many ‘people i in 
- Washington, D. C., not in government service, should move out to give the pe 
government elbow room. — Liquidation of a large number of new-order agencies — 
Sale course, America must move forward; but she should so move in the right 


Aegan the Bill of Rights of the individual i in n the charter of American lib-— 


new order herein under criticism is partly good and ae bad. Tobe oe a 
to endure and able to serve sanely and beneficently, this new order, to o the — 
extent that it may be afflicted by them, 1 must be purged of faults and dangers, 


such as are indicated inthis critique, 


3H _ ihe Turning to the engineering an and construction work of aiding. the projects 


a magnitude and highest excellence. engineering profession and the con: 


struction art may look in great complacence upon such achievements; but such 

structures are not, in themselves, justification for their existence. eed aes 


? & itt Yes, under the federal. water policies, there is is a horn of plenty o of “unusua 


-Davip J. Goy,'*, Esq —Without “the author hes iso- 
“lated the germs of a revolution that is taking place in the policy of the United 
“States. with respect to water resources. The combination of circumstances 
cited—one | physical, one economic, and one altruistic—is producing (in fact 
has already produced) a complete reorientation in the water-utilization pro- | 
- gram, . No one can challenge 1 the fact that the decade 1930-1940 w was charac- 
* terized by unusually y large and destructive floods. The author’s statement — 
similar climatic and hydrologic conditions have ‘ been 
B aes However, for a a proper e evaluation of this condition as as one of the combinatio ie 


of circumstances s shaping national policy, the reader requires. a fuller historical 


national life ‘depends upon the character of national life at the 1 time of their “ 


occurrence. To illustrate, science reveals that there is no sound- there are 


- and channels of rivers are determining factors in appraising flood effects and © 
therefore the wisdom or unwisdom of any given flood-control policy. Sah 

When levee construction along the Mississippi River began at N ew Orleans, 

La., i in 1717, small earthen dikes from 4 ft to 6 ft high were all that was neces- 


sary to afford protection from floods. . At that time this appeared { to be § a wise 
flood policy, although future years proved that these same levees created | a Bs 


— 
7 er - 
appy one wherein superb engineering design and direction and marvelous con- 
a 
— 
— 
— 
— 
— 
ae 
waves—li there 18 no ear to intercept the sound wave 
— 
| 
_ Hydr. Engr., Natural Resources Dept., Chamber of Commerce of the United States, Washing- _ 


"bottleneck that flood dangers; as other the 

~ above New Orleans built dikes, robbing the river of its flood plain, the race for ag B 
higher and higher levees became a flood- creating flood-preventing device, 


‘(agitation policy” and that, from the backsight of today, had many unwise ‘os 
features. The author’ 's paper deals with land and water, and it may also be : 
pointed out that numerous recent land- policy discussions, appearing in print, ee 
have cast much unjust criticism at the early land-settlement policies sj 
country, | particularly the Homestead Act. Fairness requires that the early 


policy makers i in the United States, dealing with land and water, be credite 


fornia of efforts to. prevent river floods: thet replenish 


This subject of national water policy calls toe more extensive plotting 
of points and circumstances before anyone can indicate a trend line with 
confidence. _ An old farmer once said he never had any trouble getting two . 
fence posts in line, but when he had three he ran into difficulty. = Ue * 
Cen? Land and water policies should be founded upon scienti fic and engineering — 
inquiry. Unfortunately, “The impact of an economic crisis,” to which the 
author refers ntroduction’ ”), has been more persuasive with the 
policy makers. Iti is questionable whether a federal water policy shaped by 
. the ebb and flow of unemployment | can be judged engineeringly sound. It is. S 
Be se questionable whether the use of soil and water conservation as a Consti- a | 
peg for economic adjustments i in agriculture should be admitted by” 
the engineering profession as a factor in shaping national water ‘policies. 
oan ~ This j is not to say that the engineer should avoid all consideration of matters 
these that are technical and immediately “profitable.” The danger i is 


that any water policy may be literally pulled to pieces for no other purpose than 


to make legal and Constitutional pegs on which to hang a variety of new a 

current water policy is enmeshed in the “shelf of projects” that 


2% - been built up, awaiting the “go” sign when jobs are needed after the war ends. 


fap resources. As experience gained in the past decade has shown, ‘asclitllle: 


ee soundness does not ; necessarily ‘control the order of | development when the 


Emergency relief through make-work k projects was was made readily acceptable 
the generous: ‘use of the federal treasury. Appropriations through the 
ee Neer emergency relief acts of the period 1935-1942 exceed $15,000,000,000. 
ae - Never before has the United States accepted the lure of debt and borrowing as 
ay witnessed i in the « decade in the author’s paper on w water 


This decade witnessed generous use of federal Joans grants to states 
= municipalities for the development of water resources. The = 


— 
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3 was seriously; threatened by the 1936 
a Flood Control Act, and was practically eliminated by the 1938 Flood Control — 
Act. ii The. elimination of local, contributions tends to make flood 


‘public acceptance was achieved largely because 


wide popular pecsancetiors or belief into an active enlien program’ 
Introduction’). Here is a kind. of inverted “dollar 
Dollar policy making carried with it certain objectives and 
created certain obligations. This. has long been the situation . growing out of , 


various forms of federal aid—to wit, the beneficiary surrenders something, _ 


usually a measure of local control. aa od} ved 
a _ It is no surprise, therefore, , that Many new federal agencies were created— 
some by y Congress, some by Executive Order—to exercise the rights and power , 
_ yielded by states and communities. Widespread federal planning came into 
vogue ue. It now embraces every possible | land and water use, and extends from 
the smallest mountain stream to sea level. The Nation is now in a period o ee 
intensive federal policy making accompanied by rapid decline in 
The extension of federal water policy does not at Iti is being 


peg” comes into play. licensing policy ‘of. the "Federal Water Power. Ac 


in 


power policies than any circumstance of of the 1930-1940. flood situation’ 


planners to make fine economic eo weir in water- -use values that, from an 


artes 


engineering approach, can be little e more than wishful | thinking. | Take, for 
34 example, the question ¢ of allocating cost between flood- control and ‘water-power 
benefits. _ Army en, engineers used to measure allowable flood-control expenditures 
y ‘capitalizing flood losses. The best that can be said for this practice is that 

it served to indicate the relative importance of the regions damaged. ‘The need 

0 r flood protection, and ‘therefore the amount of expenditures, is determined — ia 
by the measure and extent of the fear the endangered people feel, due to the 


. Itis this fear that generates the pressure on the members at 


er 
er 
ey of a local need of flood control... The principle, ra iim 
dex of a _It- may be, as 
cost was the best in tribution is important. It may be, Sooda:and 
than the amount, of local con during the 1930-1940 decade from 
wa: the great losses during 
be states, that the g 
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rs federal marketing of the energ he political desire for 
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With water powe er, the former practice was to measure its = 
comparison with the cost of steam power. . The current policy seems to be to 
allocate to power cally ‘such a share of the capital investment as will ma 

=. power “cheap” in _ comparison with prevailing prices of private 

y companies. This might be an acceptable policy if its object were for — 
— no other purpose than to assure the disposal of the government’ 8 power by- 
product. at multiple-purpose projects. The trend of the ‘policy, however, is 
to undertake federal dictation of retail rates for electric service, a long recog- 


~ poliey such as was envisioned 40. years ago by such men as | George Maxwell and 
late Frederick Newell, M. Am. Soc. C. E. The nearest approach to 


This departure in water policy, so well presented by the author, stands in > 5 
contrast to the earlier flood-control and navigation- ‘improvement 
oo which was so rigidly confined to the lower reaches of major streams. ’ 3 
a. The stimulus to fact finding and hydrologic research, which has come Saal 
ew only through the demand for more and better data but also through the oy 
generous allocation or appropriation of funds to these ends, is a valuable part: 


of the new policy from the engineering standpoint. It is to be hoped that the ‘ae 


ape politicians and planners eventually will be guided more and more by this = 
than by politics and social philosophy. = al 


 Teedtitiag! writer concurs with the author’s concluding expectation that only 
—_ experience can show the soundness or unsoundness of the prevailing — io) 
water policy ¢ and, therefore, the need for modifications - Only by gearing the 
a planning to a , practical, and, therefore, immediate future can the | needs of today 
and the probable needs of tomorrow be balanced with the greatest measure of — Z 
justice and practicability. Such planning, to be of maximum value, requires _ 
i - constant adjustment in the light of social and economic changes and, one may > 
es well add, in the light of what the author describes as abnormalities in climatic Ss 
% . hydrologic conditions. In its very best sense politics must be a matter — 
fi issues; and national water policies, in regard to both practice and planning, a 
should be based upon economic and engineering facts and should be free of : 
ee and interrelations of federal water policies during the decade be- _ 
tween 1930 and 1940 is presented by the author. The paper is 


"noteworthy because it p presents a vast amount of material in condensed form of 7 


Perhaps somewhat more significance should be placed on the great flood of & a 
1927 in the lution in V alley. as ‘influencing: a change i in federal water 


17 Head Engr., 


of Congress, state legislators, and the “‘city fathers” to appropriate the money 
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“3 her than it was the great Mood OF 4/ that really demonstrated that 


E wae had been done under the guise of navigation rather than flood el og 
. The studies of the Army engineers, embodied in the Jadwin plan, and later de- 
showed that the ultimate flood protection of the Missiesippi Valley 
- required something more than levees, and a comprehensive reservoir plan was iJ 
developed for the Ohio River Basin. wh This plan was a stepping stone to the flood 
control acts of 1986'and' 2088. 
The creation of the TVA in 1933 marked not only : the inception mn of a mul- 
ee. -tiple-use project by the federal government, as the author states, but it also 
created for the first time a complete watershed development project with all a 
_ phases of that development under one federal agency. As the author has indi- 
sated , other federal legislation has provided for cooperation between various 
_ governmental agencies, such as the Corps of Engineers and the Department of 5 
- Agriculture, but only in the TVA has the complete water control of a large 
drainage basin, including water control both on the land and in the streams, 
been authorized and established under one agency. — ~The success of this method © 
of handling ‘the water problems of a region has resulted in ‘legislation being 
introduced into Congress to create other similar authorities. = 


+ a = This completely unified type of organization | has facilitated the planning 0 of 


> eyiiiteny: forestry, and agriculture, and appears to have distinct advantages i in 
the the development of a complete water-control plan f for a ‘Tegion over the more 
agencies, each jealous of its own particular field in the culmination of the final ae 
pian. . Integral with the TVA type of organization i is a recognition of the basic —«_—™ 
hydrologic information needed for complete -water-control planning f from all 
standpoints and maximum utilization of the data by the several sciences in- 
volved. Illustrative of this may be mentioned the pioneer work of the TVA in Ss 
the extension of the network of rainfall stations throughout the Tenens 
. Valley, particularly those o on higher altitudes for which no accurate information aa 
as to rainfall amounts and intensities previously existed. 


most beneficial result of recent federal water policies has s been: the di develop- 


ment. of closer cooperation between various government agencies concerned 

with water projects and the recognition of the of the interests 
ed of these several | agencies i in specific problems. * The TVA, for example, although | 
organized to handle. completely the water problems of its region has, from its 
q _ beginning, recognized the value, and pursued a policy, of close cooperation with ee 
* existing governmental agencies to avoid duplication o of effort. _ Stream-gaging i 
: ow work for the TVA is done by the U.S. . Geological Survey with which there has 
kh na elose and most satisfactory cooperation throughout the life of a 


work of the Survey i in ere 


r too big for local interests even ‘in g 
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times. The federal legislation that rest 
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= published years later in Water-§ 


4 information being obtained from an increased number of stations and kept up 


on 


eee to date for the day-to-day needs of the Authority. The making of stream-flow _ 
say id ‘measurements below w a large da dam on the Tennessee River in the morning to be i 


used in connection with operations in the afternoon is quite different from 


te 


collecting records to be worked up and published years later. 
Another example of a cooperative relationship is that between the Weather 


te, Bureau. and the TVA with respect to weather forecasting, which is utilized in e 
£ ae the operation of the many reservoirs in the Tennessee Valley. This unique Be 
arrangement provides the TVA with weather forecasts twice daily or oftener 


ae the TVA in turn forecasts river stages throughout the Tennessee Valley, the e 


_ information on both weather and rivers being given to the public in the form of a a 
_ & cooperative daily bulletin. It was recognized by Weather Bureau officials 4 a ae 


that, although the B Bureau i is required by law to forecast river stages throughout — 
the United States, since the TVA necessarily had to do much more detailed 
forecasting i in connection with its reservoir operations, it would be inefficient — y 
for r the Weather Bureau to duplicate this work. tod 

; M. roe Soc. C. and intent of 
be ae _ the writer to criticize any present water function or policy; the paper is factual — s 
a 3 and philosophical and not critical. _ Therefore, he will not attempt especially — ae 
to point out ‘ ‘weak s spots” as as suggested by Mr. Sweet. As emphasized i in the 
aS BR 5 paper and discussions, water policies, at any one time, have depended in some a 


_ immeasurable ¢ degree on climatic, economic and social 1 circumstances, When 


conditions change, | policies respond. What may seem valid and constructive 


_ eriticism currently, often looks ill-considered in retrospect. From the view- _ 


ss point of peacetime, Mr. Campbell may be justified in holding that federal water 4 

ts rh policies developed since 1930 ‘ ‘constitute one phase of a course of the federal 

an government away from that American way of life which rests upon and ee 

sustained by private initiative’’ and that ‘many projects were extravagant ar and 


a. . the projects were generally worth the cost. It is certain, however, that water 
planning and development have stood the Nation in good stead during the 
‘emergency. F By p providing ‘major. sources of energy, many 
: extravagant developments have been the very foundation on which 
country's 8 enormous industrial | expansion for war has been based. Factories 
were kept i in operation during periods of depression, turning out equipment for 
- use on what was often then considered ‘ ‘made work’’ incident to water, soil, ‘ 
conservation projects. As a result, when it became nevessary to establish 


ee army, and n navy bases in the four corners of the | world, ‘mobile equipment w was 


: Ri From the point of view of peacetime, no one can yet say positively ate S 


4 Be “a available; many factories were tuned to produce and expand if necessary; 
ta what was more important, many persons trained for peaceful employment 
in the Public Works Administration, Work ‘Projects Administration, Civilian 

Conservation Corps, and other organizations, :, stepped into war activities with- 
out stride. This fortunate result is not attributable to the 


te 
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| in wartime they apt or low that esau the best that could be devised, In 
nd fact, much evidence seems to indicate that major modifications in water policies _ 
are desirable. yd ad minilog to paiqeds eit Hani’ 
The discussions by Messrs. Sargent, Wood, Guy, and Fry have added — ee 
greatly to the treatment and development of the subject as a whole through ~ ‘fae 
inclusion of text and Teferences outlining events and circumstances having 


~ nation has arrived at its present water policy, a alii under which billions “a 

dollars have been spent by federal, state, and local interests ‘“‘without the 

benefit or yr direction of a consistent national water p: policy designed | to wt sal 

the optimum coordinated development in the interests of all." Now the 
A Nation i is at war, and until this war is won, there will be little modification of 
e resent policies. _Af ter the war is over, if policy makers agree with the National — 


basins,’’"* then they may well review some of the pertinent points 
in the paper and discussions, parts of which a are quoted herein. 
‘Future policy makers must decide whether or not the best. objectives will be 
i _ accomplished by following the advisory leadership of the Water Resourees 
- Committee o of the National Resources Board; or whether a similar committee ad 
_ should be vested with sufficient authority and so organized as | as to enable it to i 
- coordinate and direct future water policies; or whether the creation of a : 
“hydraulic coordinating joint committee,” as suggested by Mr. Sweet, “with 
ee Bs revolving chairmanship and executive powers’ ’ would be more appropriate. 
‘ae They must decide whether a basin project with all phases of that development ‘ 
under one federal agency, embracing a complete, unified type of organization — xs 
; “for the planning of water-control projects and utilizing contributions of various — 
= such as hydrology, oan, and agriculture, has more advantages 


__ In other words, should there be a Nation- -wide group of authorities similar t 


80 clearly outlined by “Messrs. Wood and Fry, or should developments for 
‘ a _ irrigation, power, flood control, and land-use continue to be administered by ; 
_ ‘Separate organizations, federal or state, the policies of which are fixed by law, j 
or @ combination | of both? Should such groups (as Mr. Guy questions) — 
es _ embrace a federal water policy “shaped by the ebb and flow of unemployment” 
- and use “soil and water conservation as a Constitutional peg for economic _ 
adjustment?” eC uture policy makers should avoid the danger that ‘ “any 
water policy may be literally pulled to pieces for no other purpose than to g 


_ “National Resources National Resour d, Water 
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and Constitutional pegs on which to hang a siete of new 
and political philosophies.” They should keep i in mind that unusual meteoro- 
logic and hydrologic events, such as described in the paper, will recur and that <¥ 
in all probability the shaping of future policies will be affected by the occurrence — 
re and magnitude of these events. They should determine “whether the complete 
limination of local contributions tends to make flood control a pork barrel — 
i proposition” or whether the present policy with respect to local contributions _ 
wo for irrigation development is the more equitable. . They st should | pecan, 
a whether or not the creation of many new federal agencies “to exercise the a 
rights and powers yielded by states and communities” is wise ‘and whether or 
not a a federal water policy should be projected f further into the fields ‘ corned 
and ‘management, “prompted, at times, by political rather than engineering — 
- considerations. ” These and many other pertinent questions raised in the ; 
discussions will necessarily have to be considered by tl those who \ will ‘guide futur future 


HOYT ON me ‘POLICIES 


agit 


— 


i 
— 
— 
Be 
3 
=] 
al 
al 
a 
— 
— 
— = 


“AMERICAN. SOCIETY OF CIVIL ENGINEERS 

Founded 

TRANS. 


nal 


_ EFFECT OF VARIATION OF ELASTIC ‘os 


CHARACTERISTICS ON STATIC 


ran 


ey is well known, the» ables’ of statically indeterminate « quantities are in- ; 
‘dimbia by the elastic characteristics of the structure, such as eee; 3 
areas of compression and tension ‘members, moments of inertia of flexural 


moduli of ‘elasticity. ‘The ‘actual of these elastic 
promo are likely to differ somewhat from the values assumed in analysis = 
_ because of i inaccuracies and accidents of manufacturing and ‘construction, and 
these may ‘result in deviation of the actual stress val alues from the ‘quantities: 
used in the design. A proportional change i in an elastic characteristic in dif- 

A ferent Parts of the | structure in most cases will not affect the values of static \ 


“unknowns, but a random v variation of cross-sectional area, moment of inertia, 


3 Thus, a in the of a 12-in. rein- 

forced-concrete slab causes of more than 6% in the moment of 

inertia of the member. The modulus of elasticity of steel is not likely 
differ more than 3% from the usual value of 29,000,000 Ib per sq in., but the 
modulus of concrete is subject to large variations. Thus, in tests of full-sized 


te specimens s cut from: different parts of the same frame 


sabe end 3. 7 to 5.9 million pounds per square inch—that i is, the extreme 


Values differed ‘jou the average of 4.8 by 23%. | In conditions of actual 


Ina 
these variations are likely to be even greater. gj 


~ 
Nore. —Published i in January, 1942, Proceedings. And? tuind ad? be 
1 Asst. Prof., Civ. Eng., Dept. of Civ. Eng., Univ. of British Columbia, Vancouver, B. C., Canada. i 
‘ by _ 9am Investigation of Rigid Frame Bridges,” by Wilbur M, Wilson, Ralph W. Kluge, and John V. 
Coombe, Bulletin Univ. of Illinois E: ng. Experiment Station, 1938, Pt. 2. stony roms 
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This paper presents a general method of determining t the greatest 
variation in the magnitude of a ‘statically indeterminate quantity caused by 


‘most unfavorable distribution of assumed legitimate variations in the 


Maxnwow oF Sraticatty I INDETERMINATE | 
with the mathematics of the it is necessary to 
tate definitely what variations of the elastic characteristics should be con- 
—~ legitimate. It will be assumed that an elastic characteristic may 
deviate from its theoretical value « anywhere ¢ on the structure by an amount 
ae —_— in excess of ¢ €, in which ¢ is a small, theoretically infinitesimal, quantity 
_ The actual values of the assumed variations and.their signs at different points 
of the structure will be selected in such a ‘manner as to make the variations — 
of the ‘statically indeterminate quantity i in question the greatest. different 
statically indeterminate quantity will require a new arrangement of variations 
ba, of the elastic characteristic, staying within the limits + ¢¢ anywhere on the 
es a structure. It will be a assumed also that the modulus of elasticity E of flexural 
Q er Be members will vary in such a manner as to have the same values in the planes 
ia oe it normal to the axis of the member. Thus the member will consist of short 
a on rectangular blocks, cut | by sections normal to the : axis, with E varying from 
e block to block but constant in the same block. This assumption that £ is 
constant in each block is more severe in its effect on the variation of the 
statically indeterminate quantity than t the assumption that it changes across 
the axis of the: member, since a given change in E over the entire block modifies. 
‘ flexural deformability of this particular element of the structure by a greater 
amount than an equal change in E extending only over a part of the block. wi 
Consider a a structure with an arbitrary | number of. statically indeterminate 
A quantities acted upon by a given set of loads. For definiteness only | ‘three 
: oA static unknowns Xq, Xs, and X, will be used in the derivation, although the | 
formulas derived will be applicable to any number of unknowns, ‘The equa- 
tions of continuity from which the “unknowns are to be found : may be written 
ott Xo dav + Xd + Xe bre + =O (1) 


_ In Eqs. 1 the fa familiar quantities 6 refer to the basic statically ¢ determinate a 
eae and represent the movements of the points of application of the static 
_ unknowns in the directions of the unknowns. The first subscript always 
br = the point that moves, and the second subscript, if it is 0, indicates 4 
Be that the movement i is caused by the actual loads, and, if it is a, b, or C, meas 3 


1, 
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‘Thus, Sad, for example, represents the movement of the point of 
- application of X, in the direction of X., caused in the statically determinate 
structure by | the force X) = = 1; also 5.. represe ents the movement of the pe 


application of X, in the dixeation of X, caused in the statically « determinate 
structure by the actual loading, By the law of = with 


with two similar expressionsforX,andX. | | 


In Eq. 2, D is the determinant composed of the coefficients of the three _ 
unknowns i in Eqs. 1; and and Dag are the minor deter: 


‘to 


lac Bee 


= 


‘The minor determinants its Dis, etc., entering the expressions for X, and X 


are formed in @ manner similar to 0 Eq. ‘ 
we will be recalled that ‘the various expressions 8 represent integrals in-— 
_ volving the elastic characteristics. Thus, in structures consisting of flexural 


moments in the basic determinate structure: 
the given loading; by the force Xa = 1; and by the force X »=1, respectively. 
Likewise, i in structures made up of the direst-stress members ¢ only: 

Sao = 


Nr 
Na 


— 
~ 
— 
weet 
— 
— 
iz 
iim 


3 Suppose now that one ‘of the elastic. as of 


elasticity EZ, increases by a an infinitesimal increment d£ in a block of the length ey 
pei ds in any part of the structure. a _ This causes differential increases in ‘é-values” 
3 —débao, digs, etc. Since Eqs. 1 still hold for the structure, with the elasti ' 
properties modified in this manner, the values of static unknowns must readjust — 
themselves to the new 6-values, and their corresponding increments adX,, dX ee * 
etc., may be found by taking the total differentials of Eqs. 1 and solving ne ¥ 
equations for these increments. By this differentiation: 


+ ben dX + (Ke dba +X dbs +: + =0. @) 


with two other similar equations. ry, 
a _ These three equations can be solved i for the unknowns d 
since all values of X and 6 are known from Eqs. 2 and 5, and values of dé a are 
= by the assumed variation in the elastic characteristic. = eg 
A= xX boa + ab + X, + 
ere = X. + + $ 
= Xo bac + Xp bre + Xe dee J 
in which the X-quantities are assumed constant. ast ‘equal to ) the 1 vidal 


— from Eq. 2; and the 6-quantities, defined by Eqs. 5, are thought of as te 
‘ _ functions o of the elastic characteristics zB and J, considered as variables. The 
new expressions A will be. recognized as the left- hand side parts of the basic _ 
Eqs. 1, and, although they vanish for the original 6-values, they are generally _ 
different f from zero for the modified values of 6 corresponding to new and oe 


By differentiation of Eqs. 


in converts the latter into the 


aX, + bap + dee dX. 


Sad axe ‘Bae dX, tat = 
aXe + See aX. + dA, = 


serving for the of the static Xp, tied Xe 
expressions for Xe, ete., may | be w written by analogy with Eq. 2: babar 


we 


oie aa In Eq. 5b, L is the length of a structural member; and N and n are the direct fy ig * 
| th 
re 
— 
— Tr 
— 
— 
in 
— 
— ) 
— 
— 
— 
at 
A marked similarity may be noted between these equations, serving for the 3 
a 
— 
— 
with 
| 
— 
— 
— 
— —— 
™ 


i eo by an assumed variation in an € elastic seer resulting in corre- oe 
be _ sponding variations in the values of 6 and A. When the modulus of elasticity — 
_ E receives an increment d¥ anywhere along an infinitesimal length ds of one of 
the members comprising the structure, the changes caused in different values 
= a infinitesimal, quantity, the following equation 


x In Eq. ‘120 the variable quantities me, E, and I refer to the element ef structure 

whose medulus of elasticity hes undergone 


in which the anhogention is extended over the appropriate lengths of the mem- 


4 along the structure but, naturally, the same in all values of 5 for the same © 


pai 


similar expressionsefollow for and 


: the left- basic Eqs. rearranged. On th 
other hand, with the value of i’ variable, the expressions (Eq. 13) generally do 

Substituting the oF de, dy and dA, 10 and 


me , 


x xX 


Me Me +X Me 


— 
— 
— 
\ 
. 
= — 
— 


its it has the same value in all three quantities in parentheses, at the s 


e2 Eq. 14 can be used to evaluate the variation dX, provided that the function 4 


expressing the law of variation of dE along the structure is known or has — 
assumed. The problem, however, i is to determine the greatest “possible 
: hori A little thought will serve * show that, if ¢ a’ is taken as a constant quantity — 
2 
: over the entire structure, it appears as a factor outside of the integral sign, 
oe and the integral itself then vanishes, since it represents a sum of three integrals, 


of which vanishes separately. This deduction is evident, of course, from 


a ~ general principles, because a constant 7’ signifies a a change in E in a constant oe 
7 ratio over the entire structure, and such change, as has been explained, does = 
Rot generally influence the values of the static unknowns. This vanishing of (aa ‘ 
integral in Eq. 14 fora constant value of 7’ v means, of ‘course, that the values 
ena within the brackets must be positive for some parts of the structure and * 
:* negative for others. Therefore, @ comparatively large variation dX, will 
correspond t to an assumption of a positive in the ‘Parts: oft the ‘structure ir in 
oe z which the values within the brackets in Eq. 14 are » positive, and a negative e 
in the parts in which these brackets are negative. On this assumption, the re 
i" ‘My Bn: in Eq. 14 will represent an infinite sum of infinitesimal terms each of a 
which i is Positi ve. F urthermore, since each of these infinitesimal terms is pro- e 
portional to 7’, the | greatest possible variation dX, will evidently correspond to 
a an assumption of numerically greatest value of i’ (namely i), occurring over a i 
the entire structure and being positive at the points with positive values Be 
ae within the brackets, and negative at the negative values within the brackets. - p 


Mom 


in which the s sign | signifies the numerical valu of the within ‘the, 

ry Evaluation of Eq. 15 involves a a determination of the se zero points of the 0 

‘all unction within the brackets by equating it to zero and by solving the resultant ; 3 
equation in s, exactly or approximately. The integration then is performed a 
aided in the intervals between | the terminal points and these zero ‘points, Ay 
ae me and the numerical values of the positive and negative parts of the integral are 


eee _ added. The function within the brackets may also be plotted against the 


at. 


. a  abscissas s, and the value of the integral may be obtained by measuring the 
area between the curve and the axis of s with a planimeter. In this operation 


areas both above and the axis must be taken as 


— — 
kets 
ar 
8 
a 
— t 
8 
a 
— 
— 
— 


degree polynomial with constant with 

respect to the term: ‘Therefore, the integration in Eq. 

is usually no more complicated than the integrations required fo for a _ deter- A 

mination of various 8-values. If the axis s of the structure is of a ‘complicated 
shape and if the loading is complicated, or if the moment of inertia is variable, = 
4 . an exact ‘integration of Eq. 15 is impossible and 1 that formula must be replaced — 


a summation, procedure similar to the usual of the 


in the form io angitiimes of 


to calculate the coefficient representing the “maximum percentage 
which the value of X, may change if the elastic characteristic is to vary by 1%. 
_ The method of determining the most unfavorable effect of a ‘variation of — a 


the moment of inertia J is similar to the foregoing, except tah the symbols i’ ae 


and ¢ would in this case signify the ratio “7 instead of. Danita ; 

In the analysis of statically indeterminate reinforced- concrete structures it 


to make a constant percentage allowance for steel reinforcement 


db, gah 


onable to wis that the ratios = ign = can take any v 


the limits is and anywhere on n the structure, or in 
Eq. 18 must be substituted for in Eq. 15 to the maximum effect 


_ arches the moment of inertia may vary only by virtue of a variation i in the ce 
depth h, which Tequires thats = 0. i, 


ody 


“becomes variable along the structure and r remains under the n 
is needless to state that the method described herein is equally ‘applicable 


+ 


ill 

— 
— 

i= 
— 
— 

— 
e 
ob 


integrals in in Bas 12 to 15 must be replaced by the finite sums of the alll fe 
; the f functions EA *L, E 


The greatest effect on the simultaneous most unfavorable 
in EB and I for the same condition of loading may be found by direct addition i 


of static unknowns i in pris exception — 
a <™ of the structure with only one unknown, since in that case symbols for minor 


determinants etc., become meaningless. at blue 
For a statically indeterminate, X Xa = which by 


«A. 


_Inas structure with two static unknowns, substitution of of 


— 
~ +X, 


quantities a are selected as static unknowns, including the stress quantities 
- maximum variations are required, and then the problem is solved in the usual =: 
manner by the formulas presented herein. & 
Ini the second method, which is applicable only in. in cases when the variations ns 


om 

he rules & 
. By the ry is ia 
oing th E and f E and = g 
the foreg when bo iations the 
to any w vari t for q 
reference tial of separate ‘subscript ‘A with q ii 
onstrate ion the to dé’s cor uantity sum of the ions in E tal 
of the two 8 that the q ls the sum te for the to 
— sum Eq. ry, equa para 10 f he two | 
to the from vary, itions of se ’s of Eq. ion of t 
eq it 0 and I con ous —addit 3 
hen en E an the vari raight a 
hate when d for t to of straigh 
ly, ti Proves thi 
eg 
a 
hose chosen as static 


BLASTIC CHARACTERISTIC 


entiating the corresponding equation of statics. This may be best 
Fig. 1 a fixed-ended rigid frame loaded on the horizontal part 


indeterminate. moments a at points A, B, and L 
and X., respectively, hows been w 


E, the of ‘the horizontal part. statics: 
ods . pa 


: 
a in the variable terms 1’ at different points of the structure have not yet been f: eg ; 
is quite legitimate. As a result of this substitution 


a new load condition requires considerably less labor than a similar calculation — 


for the first load, since the values of 6 with subscripts a, b, and c, and the 
Values of the determinants, are the same as in the first calculation. The 
“quantities Sco and the values of static unknowns » and ». 


The greatest variation corresponding to two sets of loads acting - 

‘ simultaneously, may be found na superposing the results caused by separate ag 
actions of the two sets. However, it is not the numerical values of dX, (max) 

that are to be superimposed but the expressions within the brackets in Eq. 15. 


rv The proof of this aes may be derived by close inspection of the mere 


of the o in the basic statically determinate structure, when bot th 


are acting, may b by superpositio n or ulgebraic 


— 
. 15. It is required to determine the CE 
an, ¢ ponding stress quantities. Since variations dX, and dX, are i — 
ependent, it is incorrect to assign to them simult. 
— 
iim 


a found by. superposition, as concerns both the algebraic expressions under the ia 
integral signs and the numerical values obtained after the integration of these = 
Bic a expressions. It is a well-known fact, evident also from Eq. 2, that the 1 values — = 
ae of ' statically indeterminate quantities when two sets of loads are acting on the oy 
a structure at the same time are equal to algebraic su sums of the values of these _ 
quantities corresponding to separate actions of the loads. The last two state- 
ments, together with the fact that all 6 and dé quantities with ‘Subscripts a 
‘and c are independent o of the loads, make clear that A and dA values may also — uy 
be determined by superposition, as may be seen from the form of their expres- _ e 
sions in Eqs. 7 and Since various determinants are also the he same for all 
loads, the value of dX, in . Eq. 10 may likewise be found by superposition or 
(which is the same) the expression within the brackets of Eq. 14 for the <a ie 
3 sets of loads presents an algebraic s sum of the he correiponding Sracket expression ‘a 
for the separate loads, which proves the required proposition. 
- However, the numerical value of dX, (max) for the two sets of loads i ie 


different from the sum of numerical values corresponding to to ) separate loads, — 


BAY 


“gai The fixed-ended sini shown in Fig. 1, with the height equal to the span 
. and possessing constant moment of inertia, will be investigated for the greatest _ 
"possible variations in the bending moments at the tope end of one of the columns a 


introducing three hinges at and | C (Fig. 2(a)), the struc 
oe” made statically determinate and the corresponding determinate bending 
momenta are as shown. An unsymmetrical choice of static unknowns 
Bt Xs, and X,, representing the bending moments at the points A, B, and C, 
__ respectively, complicates the analysis but provides a means for checking the © 
es - results, since’ the expressions for similar quantities at the points B and C will — 
be obtained from ‘equations i in a dissimilar manner. 
Moments Ma, Mp, aNd m-, created in the statically determinate structure by 9 
a +2 unit moments acting ¢ at points A, B, and C, respectively, ar are shown i in Figs. 2(b), = 
20), and 2(d). | The sign convention for these moments, as well asforthestatic 
eee > Xs, and X,, is such that positive moments produce tension on : 


t 


5-quantities are now in the integral form and then evaluated. 


Both kinds of will be necessary in calculation. The integral = 


one for the beam several d-values, however, some of integrals 


= 


2 


— 
— 
— 
— 
— 
aa 
— 
4 
ecause the zero points of the functions under the integra = ne | 
| ¥ 
¥ 
— 
— 
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ak 


= 


+ 


& 


be 
— 
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CHARACTERISTIC TICS 


> 


1 


d 


a thus found all 5-values, it is now possible to set up the 


a. ad _ to determine the static unknowns and to compute the determinants required — 
for th the evaluation of (max). 1 apply to this case as follows: mint 


They Vv alue of the minor determinant corresponding to 


2 


= 
4 


— ma=(1-z) 
¥, 


On solving the equations the of the static unknowns come out: 


sar 
Par 
aa ‘The next step is to ‘set up the integral ¢ expressions for the three funations a 


Ca 


Within all brackets in Eq. 28 the integrals refer to the left leg of the 
Bs ‘the second (which in case of A, are zero) to, the beam part, and the third to the k 
a right leg. In arriving at the final expression for A, it is the integrals referring z: 
: to the same part of the frame that are combined, ‘whereas the se acorn EE 
to different parts remain separate. Similarly: 
| 


_4y,3y¥ 


5 


3 dito 


ee 


— 
— 
_ 
— 
— 
— 
4 
| 
— 
| 
— 


oF 


M 


the integrals on the assumption that i is constant and by: finding that all 


Moment 


ts, in accordance with Eq. 15, and by Tecombining the integrals: f 


left leg Mans: 


18 13) +35 


2 
to yal Ral ot Wet: “left 2: as wt Ue 


leg 


2 Left Leg. —On solving the quadratic it is found that the function under the 4 : 

=3 Landy = — ad which the 


— 
. 
iit 
— 
iii 
le 
‘ 
Wie 
functions themselves, as is indi 
— 


range considered. 


Liz 2 
L 


ty 
rar 


Part. solution of the ‘eubic in z gives the 
z= = 0. .128 L and = 0. 874 in the 


1622 


1. 347| + |8.624| +] — 0. 272| = = 10. bitty 


4 7d x. 

Right Leg. integration must be performed between the limits 

5% L, a and doowh ad, S18, to b bas (xen) é 


L 


expression for. the ‘variation 
~ 


i[12. 
+2000. 243) + 4. 
= 0.0497 iw = 08045161 (305) 


found, and | 0. 894 is the value of the | 
Parts of the frame over which the 
modulus of elasticity must be increased or 
_ decreased in order to cause the greatest to ¥ 
possible variation in the numerical value 0.894 ‘ 


of the bending moment X, are shown i in od 


by heavy lines, and the ones that at are 
less stifi— by light lines. ay? 
Moment Xe. —A similar procedure the e following expression for the 
of the moment X, at the top « of the right 


latter value is outside of th 
a — 
r — 
— 
Ly 
— 
— 
— 
| 
) | 
ae 
be 
be 


cod 2 4 


con Comparing Eq. 31 with Eq. 30a, it mar be noticed that. pe first and the 4 
third integrals in the former are identical with the third and the first integrals, _ 
in the latter. Furthermore, -Teplacement of the variable by 
2) in the second integral of Eq. 31 leads to an expression identical with — 
- the ‘second integral in Eq. 30a. These relationships between the expressions — 
cy for dX, (max) and dX, (max), of course, are the direct result of the symmetry > 3 
ae points B and C on the symmetrical frame, and | they lead to an equality of of 


the numerical values of the variations considered. tet 


Moment at the Center of the Frame.—The greatest variation of th 


molar lasts 


© Bion of Eq . 32 i in the manner illustrated previously leads to: 


(max) = 0.0460 i w L 0, 663i Mz... Sih, 5 


ae The numerical value of the maximum variation of the moment at the ager 
a the frame is thus approximately equal to the value of a similar quantity at H 
the column but the coefficient K at the center is smaller than a 


in which Xe = 


| 


+% 
= 
— 
— 
— 
— 
— 
— — 
— 
) 
; 


‘The greatest variation in the Mz gin the same ‘structure 


determined also for a different load condition—namely, for a vertical con- 


centrated load P ‘acting at the center New loading creates new 


une 
P 
+¥ z 


Ss The greatest variation i in M 


and the concentrated loads of the previous problems can be found by direct 


superposition the integral expressions. Assuming, fo ox 


= 14+ y 


beam, left half alf 


y y 


“a7, 


In discussed thus f far, the signs have 


cated cases integrations must be repl 


— 
— 
| 
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BLASTIC CHARACTERISTICS 


the ily loaded frame shown in Fig. 4 the 38 the legs 
nges linearly from 24 in. at the hinge to 36 in. at the top. The thiokees) 
“s Me of the horizontal member varies from 16 in. at the center to 36 in. at the ends, yt 
following the law of a semicubic parabola: to baw wt 
in which both hand z are in feet. The: is typical for rigid 
_ frame reinforced-concrete bridges except for the somewhat impractical rectan- _ 


gular outline of the axis. However, this the for 


te 


yi 


the | structure, is the only static unknown. “It restraint is re 


“er 


a moved, the bending m moment in the horizontal part of the frame becomes 


ide M 3 (25? — 2), and n no flexure occurs in » the | legs. When unit euimibil 
pers thrusts act on the structure, the moments M, assume the values shown in Fig. 5. 


{ The is 1 ftw simplification a are as. follows: 


7 


z 
a 
3 
¥ 
— 
— 
— 
— 
— 
— 
— 
— 
simplicity of calculation, affects the structural behavior of the frame 
slightly. It is required to find the greatest variations of thrust and bending 
moments at different points of the structure due to variation of the 
— 
— 
— 
— 
> 
a 
— 
— 
— 
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BLASTIC CHARACTERISTICS 
of summation, 
tions 4 ft and 5 ft long, as in Fig. 4. ~The sectional increments of 
5a (that is, the values of ‘the 8 igns of all 
> 


sections multiplied by their respective values of dz ora) are given i in Table 


together with the values of Seo and bag themselves. 


ox, 


= The greatest variation i in H may be found by Eq. 208, which fc for finite sum- 


» i 


al data i in this table, as well as the foregoing formulas for Sao, bea, and other 


values i in the table refer to the TABLE vor dH (max), 


of corresponding increments for 4; VaLuEs oF THE INCRE 


pairs of sections located symmet- ments IN Eq. 37(6) 


% 
axis, so that the summation need be Section] | | 


extended only over one half of the ai 


Stating the numerical values 4 


28,816 | 448,210 —448,210| 


0.269 .. (37¢ numerical Yalues of 


this equation w is expressed 
_* font, ‘units, and so are re the various stress quantities to the end of this aa ; 


— 
— 
— 
; 
— 
ly — 
— 
ly 
— 
of the 1407 | ‘Sabo | | — 
| 7,400 | 131,520 |—115,000| 16, 
~ 
36) — 


Since Mz = — 248.65 and Mg = 63.85 w, dMz (max) = 048 Mg and 
(max) = 0.269 Fig. 6 shows the parts. of the frame that are 


ay modified i in stiffness for the purpose of creating the greatest variations in H the 


Susbtituting sum “for an integral leads to an underestimation of the value 


the maximum possible variation of the function. Apart. from some error 
ia _ inherent in the substitution of a sum of a finite number of terms for an integral, K 

re 


for 


i= 


the value of of a may he substantially 
_ the same for integration and summation only if all the zero points of the ex-— 
pression under. the integral sign coincide with the boundaries of sections, 
pt _ Since su such a condition is not likely to occur, the increment of the sum for the 
- section n containing a zero point will be approximately equal to an 1 algebraic sum 
_ of the positive and negative areas under the curve in this: particular section 3 
ted of the s sum of the: numerical | values of the two areas. That mear means that ; 


J _ The difference of the two values, however, is not likely to be 


me of Fi ig. 4 been analyzed, assuming 


a “the bottom ends of the columns as fixed. Thus modified, the structure be 
an comes three times statically indeterminate. _ The following results have been 
obtained, using feet units: H = — 22. 04 w; Ma: =. 100.00 w; Mz + =- 252.5 w; bere 
Mg = 59.92 w; dH (max) = 0.421 i|H|;dM, (max) =1. 567 i t Ma; dMz (max) © 

= 0,496 i| and dMg (max) = 1.0471 Mg. 


4 Comparing the fixed-ended frame with the two-hinged f frame, it may be be 
a ae seen that dH (max) and adMez (max) i increase considerably when column sup- e 
2 magnitudes of H and Mg themselves. the other ba hand, (max) ) remain 


ay 
«x 


ns 


@ 


2 the thrust and of the stresses in some of the members, caused by variation in EL 
The cross-sectional areas of all members have been assumed equal. ‘The 
static unknown, the thrust, and its greatest variation have been found to be: 
— 135.36 w; and dH (max) = 0.187 1|H]|, with w in feet units. areas 
— greatest variations of stresses in the truss members have been foun od 


by di ifferentiating the « expressions for these stresses stated in terms of H *, Some 


ifs 


— 
| 
— 
— 
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“4 
4 
— 
— 
— 
= 
‘ 
~ 
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of the stresses and their variations ¢ are: 


In member L, Ly the stress variation is small compared to the stress itsel 


ve whereas in members Us Us and Us Ly it is relativ: ely large. In the first two 


43 members, uniform load over the entire span represents the most unfavorable - 


gilt 
ofa] 


5 


ondition of loading, : calle the same is 5 approximately t true for the third member 
ma 
; onsidered. In several other members maximum stress variations | prove to be 
even larger in proportion to their respective stresses than in the foregoing — 
three members, but their stresses themselves are relatively the 
considered i is far: not most unfavorable | one. 
be ‘clearly that the variation of the 
seen” in this paper is an extreme quantity that may be attained only i in an a 
exceptional ¢ case when the variations of the elastic characteristics: “causing ‘it 


om Furthermore, the maximum va variation of a stress quantity 1 may be : viewed 4 
= a measure of the sensitivity of this quantity to small unforeseen and acci- == 


dental oop in elastic characteristics. Coefficient Ki in Eq. 16 « can be called SS 


cd of the frame of sat 4i ‘ist much more sensitive to variation i in E than the - 


| 
— 
— 
| 
— 
— 
— 
— 
— 
¥ 
< - % 
d unique manner along the structur 3 
igns in the most unfavorable onsidered has a genuine 
regard to signs i bability, the variation herein consider of stress functions 
In spite of its impro hat the actual deviations of s — 
| limiting quantity tha — «CT 
| significance as a — 
— 
: 
— 


= 
ae the d it ‘may be the values 


they are often as low as 0.15 to 0.20. It is possible ‘that. there is general in- & 
| ee crease in sensitivity as the number of static unknowns increases. At least, a : 
o comparison of the results for two-hinged and fixed-ended frames suggests this Sas 
but the evidence supporting this statement is inconclusive. 
iS In theory, the coefficient of relative variation of the elastic ¢ characteristic 
ad i is an infinitesimal quantity, but in actual computation it must be given an 


appropriate finite value, disregarding the error that may result from such es 


_ ane equal unity and occasionally are as high as 1.5 or even 2.0. On the other hand, 4 A 


* 


The numerical value of the greatest variation of a sient ‘quantity in a 
structure is quite considerable. For example, using 
and dI = 0.04 I, and making the two corresponding sensitivity 
: : efficients equal to unity, the maximum variation in the stress quantity X proves 

tobe 0.24 X. The variations of and / in this assumption are very conserva- 

_ tive, the former being less than the variation observed in in the tests at at the Uni- 4): 
versity of Illinois,? at Urbana, and the latter « corresponding } roughly to a + }-in. A 
fe error in depth and breadth of a 12-in. by 12-in. section. In this connection it ‘ 
7 may be stated that the theory presented herein does not take into considera- & 
tion such other ‘features affecting stress distribution in reinforced-concrete 
_ structures as cracking of the sections, validity of Hooke’ 8 law, shrinkage, and 


| 


The discrepancy, however, was attributed to cracking. In steel 
the greatest variations of stress quantities from the cause herein 
4 considered ar are not likely to be more than 3% to 5% of their values. tal 
ae Br = _ The foregoing suggests the futility of using involved methods for finding Bas 
ws) the “exact” values of stress quantities in most statically indeterminate, rein- be 
a os forced- concrete structures, and it encourages the use of approximate methods. — 
& the other hand, in structures of great importance the determination of 3 
values of stress quantities appears insufficient, and must be supple- — 
mented by a determination of the greatest variations of these functions. 


a : ye: ‘It is reasonable also to conclude that the legitimate fluctuation of stress 
a ey a values discussed herein should be allowed for by varying working stresses in “ae 
a ss amounts depending on the sensitivity of the function in question, unless the 


; pe, member i is designed on the basis of the theoretical value of the stress com nek a 4 
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The: following letter eta used in aper, conform essentially to 


American Standard Letter Symbols, for Mechanics, Structural Engineering and 
: _— Testing Materials, prepared by a Committee of the American Standards 


m9 breadth of a structural member; 
=adeterminant; 


Ae ahorizontalthruss; 


= height or depth of Cross 8 ction of a structural member; . 


=e small, theoretically infinitesimal, quantity which is a measure of 
the greatest variation of an elastic characteristic: i= 
‘= coefficient representing the maximum percentage by which 
Suet X may change when elastic characteristics change by one one per cent; 


= moment due to the externally. applied loading; 
= moment due to a unit load for members subjected to flexure only es 
N = direct s stress for structures members only; 
- ® = direct stress due to a unit load, for structures consisting of direct- a 
=a statically unknown X.= - rans at a, ete. 
= movement of the point of application o of a static in ‘the 
direction of the unknown. 
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: FINLAY ON ELASTIC CHARACTERISTICS "i 


A. Fintay, ‘ Assoc. M. AM. Soc. ‘E.—Professor Hrennikoff has pre- 
sented an intriguing paper with clarity and precision. _ Others® previously have 
7 determined the effect of variations of the elastic characteristics of structures 
upon the statically indeterminate stress functions, but these workers have 
- confined themselves to arbitrary distributions of such variations throughou 
Bi the structure. To the » writer’s knowledge, the at author is the first to develop : 
‘4 method determining the maximum effect that a variation of specified magnitud 
‘may exert upon a given stress function. In so doing he defines the ‘ a 
to which h such a variation 1 must conform. 
The author’s applications of his method to several specific ashsteiies reves 


} 4 that substantial variations in the stress functions are at least within the realms _ 


_ of Possibility and the profession i is fortunate to have the problem placed ae es 


In order to interpret the significance of the expressions under the integral 


signs in the author’ 8 various equations (such : as Eq. . 30a), the writer has plotted © 


the functions concerned for a special cs ase—a square fram 
By cross section and carrying a uniform load on the horizontal member. eg 


(max) = = jos 
in which’ A is the area under each respective curve, without regard to sign. 
_ (The graph of the function under the integral for dX, is similar to Mig. 8(6), 
Siew 
oe but “opposite hand. ) These a areas are, of course, 1 measures of the n maximum — 
values that dX,, and may attain. It should be noted that the areas 
under these curves with to sign are zero ‘since a a ‘uniform change i in an 


_ * Associate Prof., Civ. Eng., Univ. of British Columbia, Vancouver, B.C.,Canada, 
‘anhe * “Dependability of the Theory of Concrete Arches,” by Hardy Cross, Bulletin No. 208, Univ. 4 


ame having members = 
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— 
ae 
— 
— 
— 
— 
7 
— 
4 
— 
— 
— 
— 
— 
— 
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q eally indeterminate forces. It is the fact that i may be positive in those parts 
of the structure where such areas are positive, and negative in those parts where 
is sree a the areas are negative (or vice versa), that leads to the possibility of the sub- = : a 
stantial errors found by the author. It is also apparent from the curves thet 
Se a considerable errors may still occur in the stress functions even though chance ee 
— 


; 255 
i. [Area Under Curve Without 


108 | Regard to Sign ‘ 


Square Frame, Members of Constant 
id Section, Uniform Load on BC “ype 
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Fre. 8.—Gnarns or Unpzr Stans IN THE AvuTHOR’s Equations 


| 
a 
a 


: 


by In this connection the curves yield some dnc in- 
formation without the labor involved i in evaluating the integrals. It will be 


th 


as as qonsiant for all parts of the structure ae in the vicinity of the points we ms 
_ inflection (in which latter sections, of course, it will be zero), it is seen that a a 
- measure of dX, will be obtained by the area, this time taken with regard to sign, ‘= 
Ss under all those parts of the curve, Fig. 8(b), where i is not zero. _ As zero values 
of i must be confined to relatively short lengths of the structure i in the vicinity — ah 


Ba oo to sign is zero, it is deer from the sh shape of the curve that the remaining area, 

: and hence the value of dX due to cracking, must be small. -‘Similar reasoning 

in the case of dX, and dMzg leads to the same conclusion. Values of these 

quantities have been n found on the assumption t that a uniform ¢ results | from 

oye cracking at all sections where the bending moment is greater than one quarter 

es of the design value. This is quite arbitrary, of course, and has been used for 

+ 


0.00573 | X; | 
- It should be noted that, in Eqs. 39, ¢ carries a sign and, since | nahient 
Sa reduces the moment of inertia, i should be substituted in Eqs. 39 as a red : 
quantity. The errors are seen to be small, as could hav have been 
Hadi been assumed as a variable quantity, ace curves in Fig. 8, i. course, 
ee would have been different, since i could not have been left outside the integral RE: 
sign. As an approximation, however, the curves as plotted could be used in 
such ¢ a case. se. The areas ‘under various ‘parts of them then would have to be 
_ multiplied by the value of ¢ assumed to exist over the section in question. This, — 
of course, is equivalent to that i is constant along short sections: of 


from the characteristics of the curves and the fact that i tis everywhere 
bs Of the same sign, that errors in the statically indeterminate forces } due to crack- — 
Fa ing - will be of a smaller order altogether than those which m may arise due to 
chance variations in the elastic characteristics. 
‘eg ve) writer is in complete agreement with the author’s concluding para- 
ge “graphs, and he also feels s that tl the paper s should prove of considerable interest to 5. 
- those whose lot it is to explain discrepancies between observed and calculated 4 , 


should + chance to be of either sign between the 
isontal member and sero at all other points, the 
— f inflection of the horizonta t 
~Points of inf t to about half its maximum value. 
— : 
inflection for the loading considered. This may not be truein general, | 
points of inflection for the loading co 
— 
— 
| 
— 
— 
— 
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Sreran J. FRAENKEL,® n, the 
method presented by F Professor | Hrennikoff constitutes a valuable contribution 
a to structural analysis and is the first ever suggested along this particular line 
The author is to be commended for having devised this thorough and workable — 


solution of a problem otherwise beset with which ofter 


that in steel structures the variation of 

small. Even assuming that the variation amounts to om pe the resulting addi- d 
tional stress would, in most structures, be smaller than stresses caused by 

‘secondary stresses, poorly maintained | pin connections, ‘ete . The main field of 
application, therefore, would lie in the realm of reinforced-concrete structures. 
Even there, enough uncertainties enter into a design to make unnecessary an 


_ investigation along the lines suggested in the paper, except in the e very largest 


oe purposes of investigation in the following manner: 
During the construction of a reinforced- concrete structure, test of 


q , the patentee could be taken at regular intervals along the structure, and the 
; values of B of these cylinders then could be determined. _ The maximum value 


mated this information undoubtedly would be of interest, it 
more & a “post-mortem” its results would 
oe tabulation of sensitivity coefficients for different structures would be 
helpful guide to o designers, a although more in a qualitative than ina quantitative 
_ way. Inasmuch as design is still to a considerable degree a matter of judgment, 
some indication thus would be available to the designer as to where to exercise: aes 
3 particular cs caution. ES The recommendation that the working | stresses be varied vy 
in amounts proportional to the sensitivity of the function i in question, although - tte 
‘ theoretically sound, would seem to the writer to be, in effect, wasteful of ma a 
d terials. In framed indeterminate structures iti is Sor in any case to stress: 


results of this the writer wishes to state unless 
5 is substituted for integration, it will be necessary, in the case of structures with 
_ curved center lines, to solve for the roots of algebraic polynomials of the fourt 
- iibeo, or even higher, which is a tedious process. A « computing machine ei 


almost ii i sa inasmuch as the ordinates of the functions are e obtained 


, 
— 
— 
10ns to which this method 1s subjec 
ty 
— 
— 
y omputed for the particular case. Farther, the deviations o 
and I from their average values within the inte eviations of 
: e intervals defined by the roots of 
— 
— 
— 
‘A 
— 
— 
be 
— 
re pplied Professor Hrennikoff’s method to 
— 
to 


of large n _ The writer used the slide rule and had to make 
extensive long-hand computations i in order to gain a tolerable a accuracy. 


The statically indeterminate quantities are shown at the left abutment. 
After a routine application of the Mexwell- -Mobr method, p ihe value the 


Jin BT — 92 + 34 L dr 


( 12057 — 82575 2404 fz 


— 608 + ~ 136 fz ) dz |... (428) 


_ Completing . the process, the writer found the maximum variations of the — 


a 


> 
| 
— 
— 


increased from the left abutment to 0.1 L, decreased from 
* a creased from 0.4 ZL to 0.6 L, decreased from 0.6 L to 0.9 L, and ineveened -teenil 
The sensitivity coefficients found are very high for both the horizontal thrust 
and the moment at the springing, and—to the writer—unexpectedly low for the 
e vertical reaction. Altogether, the parabolic arch appears to be sensitive to 
- elastic variations to ‘a very | considerable e degree, and a close control of the con- 


ss "crete mixture, in the case of a masonry arch, and of the dimensions, 8 seems 

Josspx A. Wiss,’ M. Am. Soc.-C. E.—The fundamental principles of ‘the 
_ effect of the variation of elastic characteristics and their application to specific a 


% structures are well presented in this excellent paper. In the analysis given by ee 
- the author, a statically determinate basic structure is taken, and the n redun- eS ; 
_ dant stresses are superimposed upon it. § If, instead, a statically indeterminate — 


E q basic structure is used (one having n * 1 redundants, such as is used in ob- 


“taining an influence line for the nth redundant} the 


_ nomenclature, the symbols used in Professor Hrennikoff’s paper will be adhered ' 
to, but with the that the moments, M,,} refer ‘to moments due to 


‘applied i in place of the nth redundant. © Thus, the only difference from a singly f 
redundant structure is that the moments M, and m, must be calculated for an sl 
(n — 1)-degree statically indeterminate structure instead of 


= dda. — ) 


200 also can be written: bests and 


ay aX, ax) = (Me + Xa ma) me The) Me dem: 


“Comdr. (CEC) U.S. R., Care. Public Office, a Dist., New York, N. Y.; and 
Assoe. Prof. of Structural 


ic varia i maximum variati — 
of bles in a parabolic ar : um variation, the v 
f ch with alues of th ie 
ay a@ concentrated center load the 
te 
— 
— 
— 
— 
fthe — 
— 
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which. Mis the final or moment at any an 


e+ Xam. E 


grating along the members of the structure, whenever either M or m, passes : 
a through z zero the integrand changes sign; hence, the e segments | between these null | 
Ree, points are e alternately increased and decreased in El. ifM ‘and m, should — 
3 happen to have a common null point, this null point is omitted, since both 
change sign in passing through it it. Thus, a general | rule could be formulated 4 
ny it is desired to find the maximum variation of the moment at a 
ety as If it is desired to find the tion dX, of the tata 
point in a structure, determine the actual moments M at all points. Then 
consider the redundant X, to be replaced by a pair of unit couples acting in 
ie the same sense, and determine the moments m, in the otherwise unloaded 
_ statically indeterminate base structure. Determine the null points; then 


compute dX, from Eq. 45, integrating between singular null points. — ony 


lan: hae woe ut "bio beater ately fond 


MOMENT DISTRIBUTION COEFFICIENTS 


is obvious that N and ng of like s sign be increased 
‘a oe. _ area, and the other members must be decreased in area (or in E A) to obtain the ee” 
To illustrate the application of the foregoing. principle, the frame of Fig. 


used to obtain the same results. 10 shows the actual moments M at 
‘ om of all members, and the moment diagram. The null points determined i 
a 
“A Precise Moment Distribution Method,” by A. Journal, 1938 


— dis equalto byt 
4 
: 
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Fig. 
— give 
wl e analyzed. ihe writer has used a precise moment-distribution method" 
— | «sides 
‘Fig. 
— thos 
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Fig. 11 shows the for ma. Here the moment at point B is taken 
the redundant X, and the frame i is analyzed for unit couples applied as shown. 


Ra 


2 

7 

= 


16 


1 


gives the moment distribution, assuming no sidesway; Fig. 10) 


4 gives the precise rear and distribution coefficients; Fig. 11(c) gives oe 


‘Fig. 11 locates another null point. These e null points agree substantially with 


those determined in the paper. of tt. ity 
If the equations for M and Ma are are written for the three parts of the frame: 


by this are shown by heavy dots. The moment at point B is expressed 4 
| 
| 
_, 
— 
abs 
c_ 


CHARACTERIS 


5% + 3697 — 162 


— 


4 


he 
» 


4 


36 


This agrees exactly W ith 30a, "However, the dll points have already been 

found, and it is-only necessary to evaluate Eq. 52 between these null points. ee A 
The result willbe thesame asinthe paper, 
4a a study of f Eq. it will be s seen that aX, will be most affected by 
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PS by X, for each of the respec- _ 
; - tive cases, s, and for the moment 


__ whereas, for the moment at _ 
the knee, = 248.64. 


maximum of taste: of the three terms in Eq. 5 
nsitive points in in the frame are: Left leg, + L~ 4? beam, | Aled 0.386; and right 


Thus, a curve M m, could reveal the parts of the structure in 


which EI have the greatest effect on In the demolition of 
- structures it might be quite useful to have this information. _ Also, if the nal 
Mq-Curve is plotted, a planimeter could be used to obtain the mechanical © 


The approximate integration by finite summation can be applied to 


comparing the moment at the. crown and the moment at the of this 
is ob 


frame, it is noted that the tw ilar ara are the same and, since M is bvi- 


ously the same for both cases, 
variation of will te TABLE 2. —AureRNats SoLvuTio 


inobtaining K, is divided 
Jap 


at the crown, |X_|= 63.86 i 


Therefore, the K -values for 
two points should be 


be 5,004 


inversely proportional t to 
the respective ‘moments, or. 


as 63.86 is to 248.64. The respective values for K—0.269 and 1. 048—given in 
(row paper agree with this ratio. £ From this it can be concluded that K tends to. 


ture would: result in a moment’ at this point where no moment had 
_ previously. Thus, it appears that K is not entirely satisfactory as a measure af 
the sensitivity of the structure to changes in the elastic constants. The 
_ designer i is not much concerned about changes in moment where the moments 
are small and the stresses are far below the allowable working stresses. « It is 


— 
fi 
4 |—217.56 | 14 
5 |—189.27 | 16 
7? |= | — 
Total | .... | .. 2 
% 
| __ of inflection in the structure, where X, is zero, one would find K becomin; — 
(TC 
— 
| 
used a8 & measure WHIC a Bac Ual Maximum 
Stress in the structure at the location of the redundant and f, is the allowable 


form x 0, and would not be considered as the 

The ‘suggestion made by Professor Hrennikoff that sensitivity. to 

increase as the number of static unknowns i increase can be explained at least 3 

re ra een by the fact that, in general, as the redundancy of the structure i increases, = 

ape 2 ___ its stiffness increases, so that the deflections due to unit couples, we decrease. = 

We a: 4 Since this term appears in oe enpeninghor of Eq. 45, a decrease in it will ¢ cause ee 


‘The | | opinions or assertions contained herein are the private ones of the a 
e ‘aiiihon and are not to be construed as official or reflecting the views of the Navy 


M. Am. Soc. C. E. —In Fig. 8 Finlay 


a has plotted the graphs of the functions under the integral signs in the expres- Bs 
x. sions for the variations of static unknowns in the three- legged frame of Fig. 1. 


# 


These curves depict the effect of the variation of an elastic characteristic, ai ee. 
different points of the structure, on the values of three static unknowns, and 
they may be called the “variation lines.” ae “Influence lines” might be a a better 
= ee term, but it would be unsuitable because it would disagree with the generally 

a accepted meaning of this term. The line gives the value of a 


hand, shows the change in a statically indeterminate quantity for different 


oy locations of the variation of an elastic characteristic, while the loading remains 


De 


the same. : For each static poet: is a distinct variation line for every _ 


If a an elastic characteristic undergoes a change at some location with an 


| = 


om and the vedinate of the variation line at the ebecians, 8. 

that can be brought into the 


expression as may be seen from Eq. 14.) 
oH : Variation lines are useful not only as a pictorial representation of the com- 


ponen 


ponent parts of the variations contributed by different parts of the « rect : 
also as means of determining, with some exercise of judgment, 
an Professor Finlay has made use of these curves in his investigation of possible = 
Bae _ Variations of stress quantities due to the frame cracking in the vicinity of 4 
points: with high bending moments. In the structure considered, this effect 


q cit proved to be very low; however, as the discusser correctly states, this may not 


=. writer agrees with Mr. Fraenkel that practical applicability of the 


aay method considered may be confined to reinforced-concrete structures, in which a 


‘the variations of the modulus of and of the moment of inertia 
be quite substantial. In this connecti 
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~ oN “BLASTIC CHARACTERISTICS 


actual behavior of the structure as built, on the basis of tests of 


poem provided the test cylinders are made truly representative of the quality fae 


“ability of varying the working stresses in reinforced-concrete structures i 
_ functions of sensitivity coefficients. In spite of Mr. Fraenkel’s objections, the | 
ag writer still thinks that even if such departure from the current practice might 
add to the complexity of design, the high values of sensitivity coefficients fre- _ 
a quently occurring even in common structures, such as the one analyzed by ‘ 
Mr. Fraenkel, should make this measure quite in order, when designing struc 
- Commander Wise has made an important contribution to the theory of the ; 
variation of statically indeterminate quantities: by his. ‘illuminating in’ inter- 
te "pretation of the significance of the expression for, what was termed herein mre 
the “variation line.” Eq. 45 is presented by Commander Wise in lieu of - 
Eq. 15, as being applicable to structures with flexural stress. In this formula, se 
_ M signifies the actual moments in the 5 given structure with n static unknowns — 
under the given loading, whereas m, and dae, respectively, represent the 
ane and the relative movement produced d by a pair « of stress quantities A 
Xe =l,ina modified structure with (n - 1) u unknowns, obtained from the 
given structure by removal of the restraint corresponding to X, . This state- 
ment: with regard to Testraint should be understood in the following sense: of 


4 bea assumed capable of a relative rotation, but sant of a linear s separation, of the 
: _ two parts of it it at this point; in other words, a pin is assumed to be inserted at 
_ the point A. 0 On the other hand, if Xq signifies a shear, then the two parts of — 


structure are assumed ¢ capable of page at the point A in the direction 


as Eq. 45 , proposed by Commander Wise, possesses the © following dva 


overt the original Eq. 
5/4 


shows clearly why the variation line corresponding to the: sum of 
_ two loadings acting simultaneously can be found by superposition of the two ; 
variation lines of the separate loadings. The reason for this relationship 

that the expression m, is the same in all three loadings, whereas the moment ; 


pS curve M of the combined loading is equal to the algebraic sum of the moment 


_ curves of the two separate loadings. The null points of the variation line o 


- the combined loading, that come from 1 Me, are the same as in the separate 


— — 
= 
— 
— 
ntages — 
ed by any suitable method, ining the null points the 
be computed by better means of determ — 


The advantages of Eq. 45, by Commander Wise and elab- 


Es - orated in the preceding paragraphs, make the inclusion of this oyution into ae 


Fe 4 me; The he counterpart of Eq. 45 applicable to structures with axial stresses has 


the theory of variation of static unknowns very desirable. = 
ae 4 been given by Commander Wise in the form of Eq. 46. The significance of the a 
= ~ normal stresses N and n, in this equation is analogous to the significance of . 
4 ig ids Commander Wise s suggests that the expression for the sensitivity coefficient 7 
hah ee ¢ be modified by multiplying it by the ratio of the allowable and the actual 
nit stresses. wr writer does ‘not think that this modification would be of 
- any advantage i in the design, : since the values of the variations need only be Ge 
- calculated for the stress quantities governing the design, in application — to a) 
a, which the proposed modifying factor would always be not far from unity. ee 
‘The w writer is to the discuseers their contributions. 
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"SINGLE AND MULTIPLE PURPOSE PROJECTS 


Discusston BY G. Prutspury, M. Am. 


A practical analysis of a given condition is followed throughout the paper. 
_ The writer has defined an exemplary area and discusses data collected as a Y: 


i result of field investigations. paper is subdivided into two sections 


‘discussing | single and purpose projects. posed Br 


SECTION. OF DATA, FLOOD- CONTROL PROJECTS 


a 2" cases. For this reason, an exemplification is made of what may be en- pe 
. countered ia the collection of flood: damage data, a and i in the determination of = 
the benefits that may result from the construction of proposed flood protection ete 
works. The actual collection of data in the field by experienced investigators 
cannot be stressed too strongly. It matters not what interpretation may a, 
placed on “direct” | or “indirect” damages or benefits; if the basic data. are not 


a true representation of facts, | the ultimate answer may be much in error. | 


Direct benefits resolve slianaadives into one question: What benefit i in dollar: 

. a and cents will accrue to the owners and others affected? t It does not make : any es “4 
difference whether the owners “‘cash in’ now or wait and receive the benefits 

such benefits ‘materialize. They may assume many forms, depending 


= on the adaptability of the particular o ownership to benefit. A farm: may have 
: partial or total flood protection as a result of protective works; woodlands in Br ‘a 
either case may be improved from nonagricultural to agricultural lands and, 
likewise, properties unsuited for industries may ‘be made proper locations for 
industries. The same condition holds true relative to residential and other Bo 


wes. The i item, ‘“‘direct net flood losses prevented” on certain 


*Col., of 8. Cams, Adjutant Gen., Washington, : D. 
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capitalized where fenetion are flood losses. For example, lands ‘may 
industrial properties because of flood protection; or, as a result of flood pro- 
. tection, pasture or ranch lands may be converted to higher agricultural u 
In many cases, woodlands and wild grass meadow pastures are benefited by Rah - 
occasional overflows. It. may be noted, therefore, that the application of a 


single rule is not feasible. ‘Different rules and methods must be applied to = 


‘meet the conditions or, in other words, “every tub must stand on its own e 
” In this connection, every report should be a compendium of the 
actual field facts based on actual inspection by qualified field men. Guess- 
work, even on a preliminary examination, should not be accepted. Ita 
ppears 


a evident that aie benefits should be measured along the following general | 


Bes, or other tangibles), after flood protection, hereafter referred to as 
5 4 (b) Take credit for any additional direct net flood losses prevented that ma} 
- ensue as a result of clearing or conversion of lands to a higher use after flood 


"i Discussing these two benefits, Item 2(a) should be susceptible of close 
estimation by the use of proper field personnel making use of existing factual a 


iS. data; Item 2(b) involves an element of speculation or guess. e close study of 
the economic conditions, in general, in the affected area should be made. The 


unbiased opinions of reputable businessmen and farmers will be of great assis- E2 . 


tance. Under Item 2(0), abstract considerations are involved, and care should 
be taken to avoid the consideration of Utopian ideas. Credit should not be taken 


+ 


_ for benefits from developments that could occur only after flood protection is _ 


v = provided as an item of flood losses prevented. The sum total of remaining 
ee é benefits i in the form o! of flood losses prevented will | be taken n care of under Item 
2(b). Simplification of considerations is important. ‘Field men should not be 


asked to perform the impossible and draw fine-cut lines, PO Producing | a 
distribution that serves no useful purpose. 


3. CALCULATION OF OF Losses 


aval Under It Item 2a), all flood losses may be to an basis this, 


oe in turn, may be capitalized for the increment of value as a result of flood losses. 

Se prevented. The rate of capitalization should be variable to reflect risks ac 

| eae _ For example, an area with only partial flood protection will carry 

Sel. higher rate than one with complete flood protection. Furthermore, this 

phase of the situation deals with a farmer's or businessman’s dollar and should 

fi carry 8 _ higher rate than consideration of public funds. Consideration is 

Bes given now to benefits to individuals. For example, A applies to a Land Bank E 
or other agency for a loan. is His average annual net income is $500 from his 

x farm or property. If $500 is capitalized at 5%, $10,000 is the value of his — 2 


23 


Does the Land pee or loaning agency value this farm or property at — 
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In all probability it does not, as it will use » from 6% to 15% asa 
te for capitalization, making the value Tange from $3,333 to $8,333, which i is 


more in line for a property with | a net income ‘of $500 per year. s There i is an’ 


ond 10% appears to be normally about the correct rate t to apply if abnormal 
hazards are not involved. _ This discussion refers to increased value by capita 
zing the value of prevented flood losses. In applying capitalization to obtain | 

Dew increment of increase in value, the entire operation must be analyzed to i 


on an ‘operation. po (This i is a long discussion within itself and will be omitted re 


Be sia Under Item 2(b), “annual flood losses prevente ” do not apply, and to 


apply would be erroneous. — The benefit must b be taken care of by anticipated — 
. enhancement in value. ‘Tt makes 1 no difference whether the owner sells or wal 


be to ai an annual benefit. The tk may itself is: 
; What about prevented flood losses on lands converted to higher use as a result 

- of flood protection? For instance, a factory ¢ or dwelling i is built on property 
felling under Item 2(6), and this property is protected from flood losses as a 

In the first place, the owner purchased ~ or already 

and. it he purchase: d it, he paid the increased benefit price 

4 owes as & result of flood protection, and the seller received a capital benefit. 


__ However, the house or factory owner 
> 


la the price he would pay in a food- free area. . Therefore, any in increased bene- 
- fits to , this house or factory as a result of prevented flood loss must be in the 
; classification. Otherwise, there will be duplication. It should be 


borne in mind, also, that enhancement due to change i in land use that would 


3 = fsa occurred if no protection or additional protection had taken place cannot 


E 
which represents the a average value “of the without flood protec- 
_ tion for the same period as the period of proposed flood protection, is used as 


- the basis for determining th the proposed project benefits. - Observation has been 

| rather conclusive that, in areas in need of flood protection, developments are 

é usually at a standstill, or going backward. it is believed that a status quo 
* condition i is likely to hold true in most cases in 1 future years: as the Population — 


twenty-five ‘years. Further, the trend toward the elimination of. marginal 


and submarginal lands from private use will probably continue. Many other 
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= = Item Item 2(a) + Item 2(6). 


“6 An exaggerated case is taken to attempt to emphasize various considera 
. , : tions in the foregoing discussion. Taking the case of an area of 640 acres 


Bes’ owned by an individual or group of individuals in a proposed flood-control _ 
ae area, the “‘as is, where is” classification and value of this area are given in 


"TABLE Table It t is entirely probable tha con- 


(ScuEDULE A) oF 640 ‘ditions may be such that the present “‘as 
“able Acres IN A PRoposED is, where is’ setup should be used as the 


FLoop-ConTROL /AREA basis for determining the proposed proj- 

et value one is injecting an element of guess or 3 

acres | prophecy in estimating a development 


9,000 trend for the area since must know 
:| ee periods in the past will be represen- 
tative of the future. Fifty years hence 
8 a long time to pro ject a curve of this 
i 6,300 is t th pro) tai re 
nature, wi e uncertain or Vague 
data as to what happened in the 
past. ‘Fluctuations ‘in Teal estate and 
commodity prices are beyond accurate estimation. it might be emphasized 
further that agricultural during the past eight years has been con- 


4 


| 


Cleared and in cultivation, subject to slight flood damage. .. 5 gle Ye 

Cleared and in cultivation, subject to considerable flood damage. 

Cleared and in cultivation, mee es to heavy flood damage 

Pasture land, largely meadow; cleared but too severely flooded to cultivate 

Woodland; can be cleared (potential) but has severe flood hazard 

N woe woodland; too low to drain, or has poor soil; cannot be ens See 
ricultural land if protected; a timber-growing or pasture proposition, or both.. 
— and all-improvement value on entire tract 


Total value 
(dollars) 


pod 


‘Total value 


the older areas. However, in the case being exemplified, the ‘development — 

ae a exist, and they are reflected in Table 2, which represents | the everage 


T 


Direct benefits equal flood losses prevented, plus present worth of 
nged use or potential changed use; or, direct benefits 
Ga pro 
floc 
2 
hi 
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thi 
ha 
be 
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- game period as the period « of proposed flood protection, and it is used as the 
a basis for determining the proposed project benefits. _ Since complete flood 
protection is offered in this case, the following conclusions are reached from a 
od tem a.—All of this area, when protected, will receive benefits through direct 


Item b. —Due to very favorable location, 20 acres: of this area, , when ‘pro- 


to 
Item c —Due to location er shipping facilities, 20 acres this area, 
a protected, will have great potentiality as industrial property. — _ These 20 acres i 
7 will receive a ‘capital gain, and the remaining 160 acres will duets benefits 
through direct flood losses prevented. 
pea Item d.—This area has: ‘only a small flood loss and, when protected, it will — 
remain in status quo as pasture land, because the owner requires that much 
acreage in pasture. Due to the nature of the soils and to insufficient drainage 
facilities, pasturage is its highest and best ‘use. By the elimination of flood 
: 2 hazards, an increase in the number of livestock ranging on this land can be 
expected. To use both of these benefits would be duplication. - The greater 
benefit (in 1 this case, benefit through flood losses prevented) should be taken peti * 
e.—No appreciable flood losses occur on this area; however, 
—* will receive § a capital gain due to flood protection, | because i 


“g tem —On ‘this area “flood losses are virtually to 
and the lack of drainage facilities, the land is nonpotential or nonagricultural — 

nd will remain in this classification after flood protection. i However, ‘when 

protected, the market value will be i increases as a timber-growing proposition, — | 


apital gein. 


as flood prevented; the | greater benefit should gx govern. Min this case, 
¥ the buildings are located principally on high ground. i Little u use is is being made 


gee maximum use. Consequently, their value to the farm will increase; this = 


will be a capital gain. . Thise example is selected for exemplification, and it is, aes te 


ae no doubt, an unusual case. In most instances, Item g would receive a greater — 


j life, which is fifty years in Wiis case. 4 
proposed project life, which is ithout flood protectionforthe 
= erty without flood p 
appraisal of the average value of the property > 
— 
— 
Ser urban home sites and Wi lll 
‘tected, will have great poventiallty su 
— 
— 
— 
— 
— 
— 
—— 
— 

a 

Bie 

— 
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the increase in the value of the re 
(ScHEDULE C) ing area of Schedule C over the value 
Spies _ the same acreage of Schedule B is due 
Value to enhancement in value as result 


| ava use. These differences are indicated in 
enhancement i ‘in Items a, }, 
4000 and d of Table 4 may not always re- 5 
present annual flood losses’ capitalized. 
48,900 The average annual flood losses prevented 
must be determined from data secured 
in the area under consideration. In 
- this teat the sum is estimated to be $625. 00 (see heading “Summary”). _ By 
the construction of proposed flood-control works, the area considered wei 
receive an annual benefit of $625 through average annual flood losses ‘pre- 
"vented and a total capital gain through flood protection of $5,950. Assuming” 
the life of the project to be fifty years, the present worth of this capital gain of — £ 
$5,950 would be $5,291.27, using 4.5% rate of interest. The annual benefit 


of $5, 291.27, at 4 4. 5%, would | sith a: 


$238.11. total direct TABLE 4.—Dzirrerences Dug 70 
benefit, isso Losses PREVENTED, AND INCREASE 
oF REMAINING AREAS 


By 6. Dinzcr F Fioop Losses th, beel Lag 


Other items of flood damage 
livestock, seed, feed, and | 
3 implements, the cost of exodus = 
and reoccupation, damage | 
business operation through cur- 
tailment, inability to fulfil con- 
tracts, increased overhead, and | 
to chattels of all kinds 
not heretofore mentioned. In 
a some cases, there may be labor losses but, in such cases, - considerable care. 
ES a should be taken not to duplicate this item with indirect losses applying to the ee 
Be ie’ area as a whole. The aforementioned losses usually may be cataloged and 
treated under Item 2(a) (flood losses prevented). However, other than farm- 


ing ing es these cite can best be handled separately and may (and usu- 


Acreage Dollars 


he foreg tection edule C ( le B (Ta ory 
— t f prote hedu hedule 
Aa Fro f r the period of P b and d of Se acreage of Se and 
Toss 
re 
are 
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of (flood losses pre ented) and I 
outright capital gains as a result of flood there Other direct flood 
osses may consist of physical damage to highways, “railroada, and utilities of — 
“al kinds and also, when justified, cost or 
or private agencies in flood fighting and relief work of all kinds, including exodus i 
reoccupation. Ordinarily, these losses will fall under Item. Item. (2a) 


No doubt more care should be exercised in the evaluation of indirect food 
losses than in dealing with direct losses. Certainly, more experience is re- 


quired, because the appraiser - must have a clear economic picture of ‘the area 


_ asa whole. In no sense can justification be found whereby an arbitrary per- — 
centage of direct flood losses can be taken as a correct value for indirect losses. 
Usually, these losses are not inventoried as easily as direct losses where there 

_ are factual data available as a result of prior floods. In most cases, the prin- — ; 
_ cipal items would consist of: (1) I Inconvenience caused by disruption of the func- 
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1.—Amona Fioop Damacus Ars THB Economic Losszs To THE a8 a 


on Account or Business CrssaTION OR 


oning of railroads and | util lities with the attendant losses; 
(2) economic | losses to the community as a whole on account of business cessa- 
tion or r disruption not “specifically included in direct losses; (3) any 
cost of medical care not included in indirect losses; and (4) labor losses ss 
affecting the community as a whole and not cataloged under direct losses. 
Consideration should be given to. the « cost of extra labor used in rehabilitation _ 
an offsetting factor. te Contiguous and sometimes remote areas may be ma- vi 
_terially benefited. — ‘However, as a result of a project, consideration should be 


Given t to the ‘economic effect of taking large areas out of productive us use, and 


ty 


— 
| — 
a3 
> — 
on 
; 
| 
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—| 


out of taxation. If credit is fully taken for community in 
a. ae benefits, it would appear that proper charge should be made at least for 7 
a aa, reimbursement the federal government would make to political units ‘as 8 Te- 
a — sult of property taken out of taxation. — One can readily see that real field 
fact-finding must be resorted to in order to form any kind of intelligent esti- 5 
ate of this situation which, for purposes of convenience, is placed under the a - 
same heading ‘as “Indirect Losses.” The benefit is more suitably bly eataloged ‘~ 


Certain flood losses or inconveniences are not susceptible in 


a spread of affecting the health and happiness of inhabitants, 


= 5 eas _ of schools and religious assemblies, burial of the dead, and, perhaps, many . 


other inconveniences of more or less importance to a specific community. 
accruing to the | community, county, state, or nation, asaresultof 
4 project works according recreational facilities such as hunting, fishing, bathing, — 
or other recreational activities, and wild life facilities, are not susceptible of — 
monetary evaluation. These benefits, however, should be ‘investigated, a 
In this section | (I) it has been emphasioed that the 
ca field data is of paramount importance. No detailed discussion of technique 2 
‘TABLE 5. an extended discussion within itself. It 
For Each Cuas- may be well to mention here that ordi- 


SIFICATION or 640 narily a much greater zone or segment 
EX=MPLIFIED of proposed project would be studied 
entity than is exemplified i in the 


RAGE ANNUAL foregoing, depending upon varying con- 


BENEFITS THROUGH: 


ditions of terrain as related to topog- 
Capita raphy, culture, and other features. Belts" 


of “several thousand acres are usually 
«inspected in the field and data are com- 

~Piled, using the convenient and 4 
applicable methods. Technique and 
used in the field will be largely 
05 governed by maps and other data 4 


and the degree of accuracy required 
$727.50 |. $516.24 
the findings. It is emphasized 
& oy sented in Section 7 m “— be based actually on field data obtained by competent 


Annual direct benefits. of $625 ‘through ‘flood losses prevented were deter- 
from field da data. 5 the annual benefits flood 


direct benefite through food 
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whereas the benefits gain Items é, 9, and ¢ are greater 
than the benefit through flood losses prevented. It has been emphasized, oe; 
= throughout t the analysis, that the greater benefit should govern. Consequently, 

2 “the total average annual direct benefits would be as fellows: Aine, 


‘Flood losses prevented = Items ¢ a, b, c, $625. 00 
Total Total average annual direct benefits........ 
bag Conclusion. —On the area of 640 flood 
result i in a direct annual benefit of $625 and a total capital gain of $5 a 


the life of the ak tol be 50 years, the worth of the be 


benefit, therefore, will be $625.00 plus $238. 11 which equals $863. 11 
= * * estimating indirect benefits, all of the area affected by the project must be 
& considered. Consequently, it is not practical to make estimates of the in 
SECTION II—MULTIPLE PURPOSE PROJECTS 


LTIPLE 
I discusses factors affecting flood-control | projects. It 


S 
of course, to encounter projects wherein flood control may not be of a 


5 taken for exemplifieation ‘under. 8 flood-control project a: as outlined in Section I. 
. The same reasoning would apply, however, in determining Schedules A and B, 
- Section I » as heretofore. In all 1 probability, ‘Schedule C would assume a di 


- ferent form, depending upon ho’ how the Property would be affected ai the 


mig 


Som of the benefits from whatever sources cannot exceed the intrinsic wath re: 
_ of the increased value of the property due to the construction of ™ tia es 


Indirect benefits will under multiple purpose 


— 
Josses prevented and through capital gain for each classification of the 640 
 geres exemplified. It shows that the benefits through flood losses prevented 
— 
— 
— 
— 

— 

— 
protection ailorded must be considered, of course, when combined with on. 
tion, power and stream regulation or navigation. For this reason it 
| 
— 
E 
y pur ject—there may be both dicect- benefits and-capitel. gains. 
Y _purpose project—there may be both annual direct benefits and capital gains. 
— 
— 
— 
— 
a — 
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OD conrmon 


areas of cheap range tends into areas of bringing in 
. settlers with all the attendant community improvements. Numerous other a ng 
indirect benefits could also beenumerated. «= 
a 


«1B. INTANGIBLE Losses AND BENEFITS Bs ord da 


— The same general principles. will “apply to the consideration of tanga 


losses losses and benefits as are discussed i in$ Section Ma 


The opinions expressed in this paper are entirely the writer’ 8 
and have no relationship to the official directives of any agency of the federal Rs 
ie government. It is desired to acknowledge the services of H. E. Cox, Land ie 
Appraiser, of the Southwestern Division, U. Engineer Department, in check-— 


4 ; 
2 ad ing mathematical calculations and collaborating on economic considerations. 


4 


4 ¥ 


\ 


— 
— 
“al 
* 
ev 
lat 
we 
Tm 
ti 
| 4 in 
flo 
he 
| 
te eb 
th 
th 
ar 
| of 
— 


B. . Pruuspury,? M. Am CE —A procedure is presented in this 
paper for evaluating the economic benefits from proposed projects intended 
_ wholly or partly for flood prevention. The applicability of the procedure ob- e me 
viously depends upon the purpose that the investigation is to serve. — i 
evaluation of flood- -prevention benefits s conceivably might be made for large 
- fandholder, oF group of landowners, to determine whether the construction of 
; works for the protection of the property would be profitable as a private 
_ enterprise; or it might be undertaken for a municipality or flood control dis- 
4 trict to determine whether the local benefits would justify the local taxpayers ; 
in undertaking flood protection works; or it may be talkies to determine 
or multiple purpose project. ped ure presented in 
_ Aprudent, or even an imprudent, private owner would be moved princi ally 
by the anticipated en hancement of the value of his property in deciding upon 
Re - the advisability of investing his own funds in flood control works, | This en- 


as Item 2(a) in the paper, as well as with the more profitable utilization of t “i 
land after protection, listed as Item 2(b), but the latter is usually the com. 
pelling consideration. In any case, he would scarcely undertake any consider- 
able expenditure unless at least the paper profits s showed a wide margin 0 over 
the estimated cost. . The close figuring shown in the author’s: example ordi- 
would not have much financial appeal | 


y are undertaken by municipalities or local flood 


a that has grown up because of municipal development, or to prevent the recur- _ 
rence of a recently experienced flood disaster. Such works are built to satisfy a 
an insistent public demand, and a close ‘figuring of financial benefits is not 

2 often required. In exceptional cases, to be. sure, legal requirements may entail 
: the assessment of benefits against the properties affected, and the considera- 


the investigation of a proposed federal flood control project, an 


ion of the benefits is required by the Flood Control Act of at et = 1936, 
in which Congress laid down the policy: 
tes that the Federal should improve or participate 
in the improvement of navigable waterways or their tributaries, including 
a _ watersheds thereof, for flood control purposes, if the benefits to whomso- 
ever they may accrue are in excess of the estimated costs and if the lives 
= and social security of people are otherwise adversely affected.” sit 


iii 
— 
— 
i= 
— 
‘tans 
— 
| control districts on broad grounds of public necessity or convenience, ra er 
| because of a detailed evaluation of financial benefits. Generally, such 
| 
— 
+ 


recurrence of “destructive which have caused loss of life as well as of 
proper a 
4 the interruption of rail toe highway traffic and other public services, ,and have 

*, inflicted suffering and misery upon the considerable number of persons who were 

driven from their homes. The writer does not believe it to bet the intent of 

a 3 “ Congress that the justification for such projects should rest on a nice evaluation 

; oy of the material benefits, but rather that the rule of reason be applied to de- 
‘or termine, on general grounds, whether r the value of benefits 1 which cannot be 
definitely computed i in money will exceed the estimated cost. mie 

- a 2 On the other hand, the original Flood Control Act included the authoriza- 

2 tion of a number of projects intended to remove a continuing flood hazard to 
agricultural lands on which the local inhabitants had exhausted their resources 
_ in attempted protection, or were unable to raise funds for the necessary works, © ‘= 


= ier The procedure described by the author would appear particularly applicable: 


to the investigation of proposed projects of this character. 


a - oe benefits exceed the estimat hich can be evaluated by an en- ee 
h the ben s whic 
° erally, material one 
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The arithmetical steps in ‘the ‘computation of the spectrum 


be 


8 earlier work. ‘with the earthquake ‘spectrum | is briefly ‘in| this. 
paper. It also stresses engineering applications, and presents some new results, 
in particular regarding the effect of the foundation. Sections 1 and 2 introduce fa 


¢ the definition of earthquake spectrum and show the results obtained for various 


: earthquakes with the mechanical analyzer. : ‘Section 3 is a treatment o of the 


‘spectrum curves obtained with the analyzer i in relation to some observed facts 


and to the problem of stress prediction in actual structures. . _ Section 4 consid ‘ 


ers examples of structures with more than one degree of freedom and shows how 


? the stresses may be computed by means of the effectiveness factor. — 
: _ expression “efficiency factor’”’ instead of * ‘effectiveness factor” was used i in the 


“previous paper.?) The » danger o of a phenomenon r eferred to as the “whip: effect” 


is also pointed out. ‘Some attention has been given to another aspect of the es 
problem in section 5; the effect of ~ foundation on the rocking motion of a 


-Tigid structure is taken into account. It is shown that in 1 this case t he same 


methods using a spectrum and factors can still be applied intro- 


- ducing an additional degree of freedom and a natural period corresponding to 


o a a great extent the design of earthquake resistant structures i is still an ar be 


‘on observational facts and of 


Research Associate in California Inet. of Technology, Pasadena, ¢ Calit.; hast “Prof. of 
Analyzer for the Prediction of uake Stresses," by M. A. Biot, Bulletin Seismo- 
Soc. of Amezicn, Vol. 31, ‘No. 2, pp. 151-171. 
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ENGINEERING SEISMOLOGY 


_ and analytical approaches has been very slow partly homens of the lack of . : 


4 = information on the accelerations of strong-motion earthquakes and 
ee a partly because of the great complexity of the phenomena involved. This gap 
Between the empirical and ‘scientific approaches is being reduced constantly, 
‘ Salen to improvement : in codes and rules for the design of quake-resistant — 
oe _ structures. Information on strong-motion earthquakes has been made avail 
ae ‘ae in recent years by the valuable work of the U. 8. Coast a 


Pooling the data furnished by the earthquake accelerograms with 


of f distributed damping ‘elects. Like a ship i in the ocean it does 
not participate completely in the motion of the surrounding medium, its motion 

a eh being dependent upon its ¢ own rigidity and mass and on its its size relative | to the 
ros “waves. Internal friction and yield point i in the surrounding soil must have an a 
effect on resonance phenomena. Also the properties of the surface 
— yers of the earth vary greatly with location and depth so that complicated 


refraction, and diffraction of the waves must be expected. This i is 


3 have a a considerable i influence on the and direction of the w waves. 


ea earch of simplified « cases in which the influence of each individual factor is _ 
aod clearly defined and checked critically against observation, 


of the simplifications usually introduced is is | the ‘assumption that the 
ground behaves asa shaking table, ‘the horizontal m motion of which is taken to 4 - 
be the same as that derived from the horizontal accelerogram of an earthquake. _ 


4 basic analytical approach to to this problem was developed by the au author i in 4 


1932,>** | in which the concept of the e earthquake ‘spectrum was introduced. 


<f This is @ curve characteristic of a given earthquake which gives some kind of 
‘ periodicity content by associating a certain acceleration intensity with | a a given a 
‘9 period. It was shown in the earlier work how this curve could be computed a 
and hee. use of it could be made for the acceleration of earthquake stresses. Ae 


— ‘To this purpose, the motion of the structure is considered as the superposition ee 
- its various modes of vibration and the maximum stress produced in each sz 
ee mode is made to depend on a coefficient characteristic of the structure and o} of a 
Ge that } particular mode. This coefficient in the present paper is referred toasthe 
effectiveness factor. The procedure permits the easy comparison between a 
Be various earthquakes and between various | types of structures or modes within ; 


these structures as to the stresses produced by a given earthquake. 


_ §“Transient Oscillations in Elastic ms, . Biot, Thesis No. 259. Submitted to the Aero- _ = 
ra nautics Dept., California Inst. of Techno Pasadena, © Calif., in 1932 in partial fulfilment ofthe require 
of Elastic Systems Vibrating Under Transient Impulse with an Application to Earthquake 
ss: Buildings,” by M. A. Biot, Proceedings, National Academy of Science, Vol. 19 (1933), pp. 262-268. 
of Vibration of Buildings During Ear akes,"” by M. A. Biot, far 
Mechanik, Bd. 14, 4, (1034), pp. 
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experimental investigation. To picture the phenomenon in all its complexity 
_———-  =86SCh—éié‘(<‘é‘é~~=éOne must imagine that the structure to be analyzed is floating on a medium in : ee: 
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Appii 
analytical method, have been made by R. R. Martel, C. E., and 
MM 2, White, Assoc. M. Am. Soc. C. E,, and experiments along the same line 
have been made by L. 8. Jacobsen and N. J. Hoff.’ 
_ Notation.—The letter symbols in this paper are defined where they | are first a 
“introduced and are assembled for reference i in the Appendix. dix. eens 
.—EFFECT OF an EARTHQUAKE ON A STRUCTURE 


Consider a mass m connected to the ground by weight nao 


* The horizontal displacement of the mass relative to the ‘ground i is denoted ‘a 


a If the is a horizontal 
: plied very gradually so that no transient en occurs 
ass will assume a constant deflection 


to 


ert of a simple , oscillator ender the force 
mass m being initially 
_..,.* “Some Studies on Earthquakes and Their Effects on Structures,” by R. Martel and M. P 
White, Rept. on Earthquake Studies for ‘Los Angeles County, P Pt. I (1939) (unpublished Bees) nth MS 


Ee 
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— 
— 
o 
and Eq. 4 ms 


A 
in F(@) = force; fine of integration; and, the 


k 


Methods in Engineering,” by Theodor von and 
New York, N. Y., p. 404. 


— 4 at rest, the relative displacement u as a function of time is given by the well- — | 
— 
— 
— 
— 
— 
iia 
— | 
— | 
— 
— 
M. A. Biot, McGraw-Hill oma 
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isa function of time which gives the complete stress history of the | oscillator. 
" That i is, if the integration is performed with respect to @ between the limits _ a 
0 and ¢, and repeated for all values of ¢, a function of time is obtained which 
hentde to Eq. 10, will give the value of the total shear ¥: at every instant 


II —Eantuquaxe SPECTRUM EVALUATED BY ‘OF 


— 


a gi ven earthquake. by A the of Eq. 11, the maxi 
Comparing with Eq. 3, one may say that, as far as the maximut 


eoncerned, the effect of the earthquake is equiva alent to ‘that of a 
produced without the occurrence of any transient oscillation. 
‘ i Of course for a given earthquake th the value of A depends on the parameter 
appearing in Eq. 11—that is, on the natural period T of the s structure. _ The 
quantity A is referred to as the “effective acceleration” of the earthquake ae 
the period | qT. It will bet noticed tl that the effective acceleration for : a particular 


Py This function is called the “acceleration of the e 
_ (Use has sometimes been made of the expression “ “equivalent acceleration” for 
_ “effective acceleration,” and “oscillator peeporas eurve” or “influence line for 
= The engineering ‘significance of this concept lies i in | the fact that, once the 
fa spectrum is known, it is possible to write immediately the value of the maximum vas 
‘shear produced by the earthquake on any -undamped, one-degree-of-freedom, 
«structure. To obtain the shear | produced by an earthquake in such a structure a a 
period 7’ the mass of the structure is multiplied by the ordinate of the 
trum for the particular value T of the abscissa. — ‘Furthermore, as will be shown, 7 : 
it it is possible to extend the usefulness of the spectrum to structures 


_ It is relatively tedious to ivalind the spectrum by analytical methods, as 
this would involve the calculation of ‘the integral (Eq. 11) from a » graphically a 


be sistaye there are simple experimental methods by which this can be dome. 
Me mechanical analyzer shown in Fig. 2 has been developed for this purpose. — 
A detailed description of the apparatus was given in a previous publication.” 3 M 
_ It is a torsion pendulum with variable tuning whose point of suspension can be n 


to turn Proportio to the of the the 


— 
— 
— 
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— 
— 
evaluate this effective acceleration for various oscillator periods and consider | 
— 


pendulum is tuned for the r, it can that its ‘maximum am pli- 
i tude yields the value of A. By varying the tuning it is then possible to | plot the ig 
se spectrum A(T’) point by point. The main advantages of this type of analyzer — -% 
oa are its low cost, its simplicity ¢ of operation, and the fact that it takes an average 


of eight hours to plot one spectrum curve. The use of a torsion pendulum at 
‘the Bureau of Reclamation to evaluate earthquake eacared was menitioned wi 


3 ‘The following earthquakes: have been analyzed | 


3.—Srecrrum oF East-West Horizontal ACCELERATION OF THE or 


(A) Helena, Mont. (October 31,1 1935) : a horizontal east-west acceleration. 4 ay 
if The spectrum in Fig. 3 shows that a peak value of 1.05 g occurs for 7 = 0. “Be 
sec. ‘The maximum recorded accelers quake is 0.16 g; and the 


amplification due to r resonance is —— 0. 6 6.5 times this value. 
O4g 


(B) Ferndale, Calif. 6, 1937) a horizontal acceleration. 


0.039 and the amplification is is 9. 


uake Studies for Pit River Bridge,” by J. L. Civil 
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(c) Ferndale (September 11, 1938) horizontal accelerations in both 
east and southeast directions. The maximum recorded intensity is 0.17 g in 
the northeast direction and the amplification | is 6. Both spectrums are found 


¥ 


04 
period 7, in Seconds 


cod’ (D) A (Fig. 5(0)) 0 of 0.1 g ond a of 
four cycles of 0, 5 sec each was analyzed. hae Senpuceings is plotted i in Fig. 5(6). 


—Specrrum To Design AND ACTUAL 


apparent that, from the viewpoint of the designer, the individual 

2 "peaks i in the spectrums are unimportant since their frequencies do not seem to © ‘: 

_ be characteristic constants of the location as found by a co comparison of the two ic 
Ferndale earthquakes (B) and (C) (see section II), — The e envelope of the spec- ce 
trum, or better still, the envelope of a collection of spectrum curves obtained ~ 
| at the same location, constitutes the basic information for design purposes. = a 

ae A simple spectrum such as that plotted i in Fig. 6 might v , well be taken to repre- ie a 


sent the Helena and Ferndale earthquakes ((A) and ©), section II). ‘For 


which in form the fact that buildings o of longer periods: 


Pa 
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vulnerable to earthquakes than the smaller structures with shorter periods. “_ 
_ The accelerograms from which these spectrum curves have been derived were s 
Me. recorded with the instrument | designed by the U. 8S. Coast and Geodetic Survey. — ey 
os Its natural period i is 0.1 sec. sec. Although it is properly damped to function as an a 


ih accelerograph, too much = eae must not be oe to that part of age 


Gracraum PROPOSED To Represent Eartuquakes (A) an (C) From THE 


Before proceeding any further it is important t to give more careful considera-_ : 

tion to the possible engineering interpretation | of the foregoing results. The se 

spectrums for earthquakes (A) and (C’) indicate that an undamped structure 

ae with a period of approximately 0.2 sec would undergo a horizontal shear equal ‘g 

a to its own weight. From observation of the effects of earthquakes this value — a 

a ae seems rather high, but it must be remembered that it constitutes an upper limit — 
= <a that actually a number of stress- reducing factors enter into play. © ae 
a B _ One of these factors, of course, is the damping influence of the structure. 

The magnitude of this damping effect must depend very much on the nature of 

Z a the structure and the amplitude of the stresses. In fact, the damping observed — 

a the aid of f building vibrators or during m minor earthquakes may very well 


= 


Ey 


is considerably greater. When the amplitude of the stress reaches the 4 
ia - yield “¢ in some part of a structure, plastic deformation and friction will 


egree of energy dissipation. Assuming, for instance, that this 


occurs as soon as the spectrum ordinate is greater than 0.29, 
os further increase of stress by resonance will be strongly counteracted. That % 


structural damping is an important factor agrees with the conclusion of studies 


2 _1°**Friction in Buildings: Its Magnitude and Its in Limiting Earthquake Stresses,”’ by 
M. P. White, Bulletin, Seismological Soc. of — ve 31, No. 2. April, pp. 
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Another stress reduction is that to the ence of the fo t 
This influence is threefold. _ When oscillations are set up up ina a building, strains © 
are produced in the foundation and energy is dissipated, by internal friction in 
4 the soil. _ This effect depends on looseness, shear strength, internal damping, — oo 
e etc. A second cause of stress reduction is s the radiation 0 of elastic waves into tl the — i 
a soil because of the motion of the building. _ This phenomenon was the object hy 
of a theoretical investigation by K. Sezawa and K. Kanai." By this effect. 5 
a the > energy | of the oscillations i is drained from the building through the founda- 
7 tion and radiated into the soil in the form of elastic waves. The magnitude 
a of this effect depends on the size and natural period of the structure and on the pee Bs 
elastic constants and density of the surrounding soil. The elasticity of the 
~ foundation will have an influence on the stresses because it increases the natural ey 
ere of vibration of buildings. In other words, the building will not follow — 
the horizontal motion of the ground but, due to the elasticity of the foundation, 
it will tend to ) rock about its center of percussion. ‘Gy This s effect i is examined i i 
more detail in section V, and is shown to be considerable. Aes 
4 Finally, it must be noted that a variation of the period with amplitude is” 
4 very effective against resonance effect. _ The stress limitation due to this factor 


_ From t the choppy aspect | of the Spectrum it may be concluded ths 


q pry _ This may very well be one of the reasons for the paradoxical observa-_ 
tion that, the of a an varies greatly | from o1 one 1e building 


44 ¥ 


The fact has oe established that a number of 


@ cited by the earthquake, | each of which contributes to the s 
: shown that each mode behaves like a system with a single — 
degree of freedom and that the concept of spectrum is ap- 
plicable to each mode separately. . This will be demon- 


‘is assumed to behave like a shear beam am that a unit im 


h 
in which u is the to the ground at a distance x from the 


as “Some New Problems of Forced Vibrations of a Structure,” by K. Sezawa and K. Kanai, Bulletin, 
uake Research Inst., Tokyo, Vol. XII, Pt. 4, December, 1934, p. 845; also “Decay in the Seismic 
ie % Vibeedone of a Simple or Tall Structure by Dissipation of Their Energy into the Ground, aw " by | K. Sez 
and don Kanai, ibid., Vol. X ‘XIII, Pt. 3, nena 1985, p 681. 


A 
explained by taking into — 
| 
yee modes of oscillation are 
, | Itcanbe 
f straved Driefly by & simple example. Consider a build- 
1 of height h, total mass m, and total rigidity k, both m 
— 


roof, a(t) is the of the ground, taken positive: ina 


- direction opposite to u. Write the acceleration a(¢) as a Fourier seriesinz 2 
a(t) = — cos oh 3 +> 


and the solution u(z,t) of Eq. 14 in the same form: 


The quantities Ui, U » Tepresent the unknown roof deflections of each 


mode. — Substituting Eqs. 15 into the differential Eq. 14 and equating the 


of cos Th to zero, the following, equations are found: 


"1 . 


These equations are analogous to Eq. 6 for the structure with a dédie degre of 

to Eq. 8a the roof deflection of the nth mode is: 


>t 


mode. i The wale’ ‘attained 
for the deflection in the nth mele can be written: 
in which A(T,) i is the ordinate at T ote scceleration 
— The ‘shear, stress fa 
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expression —V Tepresents | the shear ‘that would occur in a 


one degree of freedom with the same mass and period a as the particular mode 


ies 


considered. The factor may be called an “effectiveness factor” because it 
7 represents the extent to which this shear appears in each mode of the structure 
_ with distributed mass: andr rigidity. A more direct method of calculating these 


- factors i is available. Assume that sor some restraining mechanism is used so tha 
. the building can only deflect i in its fundamental mode, and apply a horizontal 
 statical acceleration g- The deflection will be found by the energy principle. 
The external work, W, done by the forces applied gradually, 


~ 


3 “evaluated as the kinetic energy in the fundamental mode of vibration; hence: , 


Bquating 20 ang, 21 gives 


> 
andthe shear 


The factor C; = = — appears in this expression, and coincides, for n = 1, with 


the value (19) already found by the more elaborate previous method, 
method is applicable to the higher m modes. 
‘cients for the three first excited TABLE 


are: = : 0.810; C; = ge BLA TIOS 


r% 
0,0900; and C; = 0.0324. Sim- = 
for all kinds of structures | 
vided the natural modes of vibra- 0.998 0.029: 00436 
are known. | In the earlier 0810 0.0900 0.0324 
§ the effectiveness factors 


an elastic first story. Some of these values are given Table 1 for 


different vi values of 


¥ 


ly 
— 
us — 
| 
t 
— 
The elastic potential energy A. in this detorm 
ation 18 more convenien 
— 
— 
= 
— 
— 
— 
— 


j 


the force necessary to produce a unit deflection of the second floor with respect 
a to the ground, and k is the rigidity between the second floor and the roof, 


k 

A 


oN ote that for a rigid first story 
a -——foresing for a uniform building. _ These coefficients make possible a compari- 


W 
A i son of the relative importance of the various modes. — _ In a building with uni- x 
a form distribution of mass and rigidity, if 100% , denotes the shear that would 4 

act in a structure with one ‘degree of freedom an earthquake of constant 
a spectrum the fundamental mode of the uniform building picks up 81% of the tar 
. - a shear, whereas the second and third modes pick up only 9% and | 3% of ns a 
‘shear. ‘Table 1 shows that the effect of an elastic story is to decrease, further, =, 
importance of the higher modes relatively to the fundamental. ig 

= the case of a cable or simple truss the maximum shear stress is also” 
given by Eq. 18¢ with appropriate values of Cx. The bending moment in a 

in which M, denotes the maximum ‘bending moment produced by a static 
horizontal force equal to gravity. The coefficients C, and B, depend on the © 4 ik 


£TABLE C, AND By mode of vibration.’ Values 


for cable. ... "000 | 0.032 are given in Table 2 2. Only 
.090 


Cn for uniform 2 
fer pin-ended ualiorm ‘truss . 0.038 0.008 the symmetrical modes (n odd) 


an 

2 


ess 


of even order | are zero. It is seen that the importance of the higher 
_ » modes for the bending moment tends to decrease more rapidly than for 
a the: shear. . Comparing the importance of the various modes under the assump- i 


~ 4) tion that the spectrum follows a law of the hyperbolic type as in Eq. 13, the < 
s P conclusion may be drawn that generally the higher modes are less dangerous ong 
= than | the fundamental. Exception must be made for the case of the shear in F: 
es 3 ‘flexural beam | where it seems that ‘each 1 mode would « carry about the same e* 
jae - amount of shear. This is due to the fact that the effectivences coefficients for 
ie _ shear in a mode of oscillation of the order n decreases as 1/n? ' whereas the ; 
“4 frequency of a flexural beam increases approximately as However, in prac- 
a i tice, due to the increasing influence of damping in the higher modes, one would — 
a tas expect that their importance would always be less than that of the fundamental. . 


_ The attention of the reader is called to the fact that the values of the effective - 


ness factors for the higher modes of a truss as are erroneous. 


‘Table 2 was applied to the evaluation of an upper limit for the stresses: = 


Jae that would be produced by an earthquake of the Helena or Ferndale type in = 
hase the San Francisco-Oakland Bay Bridge.” Conditions are found to be wand 


Am. Bo Soc. Cc. E., 106 p. 1385. 
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a 
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- period of 3 sec. For this period the effective acceleration of the standard © 
“spectrum i in Fig. 6is A = = 0. 0669. The effectiveness factor B, for the bending 


greater than that due to a static horizontal acceleration of ~ 
: 8% gravity. . From the foregoing values of the effec - 
tienes factors it seems as if the stresses in strantares 
. with more than one degree of freedom are of the same 
‘ * order as those in a structure with a single degree of free- 
dom. This is not always true, however, anda 
condition may arise from that ponds 


Rise 

ark 
vibration of the large mass, 


BETO 


1 : = 


ot > favorable in the side-span truss which is treated as a pin-ended truss with a — 
‘Saal 
restrained to the ground with a stiffness k:, and that 
smaller mass mz; is restrained to m; with a stiffness Fro. wire 4 
(Fig. 8). Denoting by and uz the horizontal Ge 
'ad 
1) § which w is the ci 
Assume that the small mass 
"Writing 
Writing 
— 
| From Eqs. 27b and 28 the ratio of amplitudes is — 


| | 
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wer sign to the fundamental mode. Now, in order to evaluate the 


nlldetieanedt factor a restraint is assumed to force the structure to deflect ae 
its fundamental mode while a static horizontal acceleration equal to gravity _ 


‘The work done by the force i in ‘deflecting the structure i 


nd the votential energy is. 


1 
} meg 


* 


OF 09 


tae) 


‘Iti is seen that for nial values of the mass ratio — this factor becomes quite 
“large. 


20 ones 5.5 


x to the ground. — Note that in Eq. 33, V, = meg is ‘the stress in the spring oe a 
under a horizontal statical acceleration equal to gravity. _ This introduces an 
example i in which the effectiveness factor tefers to a particular location in 


oa 


— 
— 
. 
— 
— 
— 
— 
— 
— 
q 
— 
rtain point” in the structure. The amplification effect revealed here belongs 
a p ~ a class of phenomena which might be designated as a “whip effect.” Con- _ =. = 
jered from the standpoint of wave propagation it is analogous to what 5 


wave be considered as an energy moving from the heavy 
t of the whip to the lighter section at the tip. This Produces at the tip a con- 
- qantention of energy in a small mass and therefore gives rise to a high velocity. 
é ‘This effect i is essentially associated with taper and explains many vibration 
: A gileman receiving a blow at the base se will fa fail at the tip. _ The ca: case of two o degrees * ; 
“2 of freedom, treated in the example, may well be considered as a s a simplified model 
of a tapered building. It points to the possibility of serious danger in roof x 
; _ structures and is is in | agreement ' with the observation of disproportionate damage 
in penthouses i in the Long Beach e: earthquake of March, 1933. The California — 
= Building Code takes this danger into consideration by raising the lateral gravity moe . 
force for which the penthouse must be designed. 
‘The case of a structure in which the mass and ‘stiftcans both vary linearly te ae 
with distance from the top was investigated by Professors: Martel and White. me ce 
The effectiveness factor C, for total shear at various heights is: 


oon 


it is seen ‘that ie existence of a affect 


V.—Inrivence oF  Foumpatron ¢ on Morton ‘OF 


modified to take care of the infiniieee of the foundation. — The elastic properties 
of the structure cannot be dissociated entirely from those of the ground and 
- both must be studied simultaneously i in order to predict | the dynamic properties 2 
‘The problem i is extremely complex because it involves a complete knowledge 
of the propagation and properties of the seismic waves in the strongly hetero- | 
- geneous surface layers of the earth as well as their diffraction and reflection by 


objects built on the surface. The influence of the: soil on the: damping of oscilla: 


_ to such a complex problem cannot be expected. It i is | believed, however, th: 
the simplified problem noted i in this section throws revealing light on the engi 
The question investigated is that of the influence ) of ground elasticity on — 
ar the rocking motion of a block. How resistant is the surrounding soil to the — 
rocking of a foundation? What are the factors ‘influencing this 


— 
Be 
| 
— 
— 
mathematical developments are based on the tacit assumption 
that the effect of an earthquake is the same as that ofashakingtable. Aswill ###§ 
ey — 
— 
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rigidity? Can this effect have a practical influence on the action of 
on buildings? The problems are simplified by neglecting the mass of the soil 
_ ie the internal friction in the soil, and the radiation of elastic waves due to the ya 
' i 3 Assume that the coordinate axes zy lie on the surface of the soil. A load-— 
distribution p(z)-function only, of the distance z, is applied to the surfaceona ff 
strip infinitely long in the y-direction and extending fromz = —Ltozr= +L 4 

distribution is asymmetric with respect to the 80 that 


Bees. can be shown from the eory of elasticity that the ‘ol eflection w(z) is 2 ' 
It can be shown from the th heory of elasticity that th oil deflecti (z) i ’ 
which EF is 8 modulus of the soil and p its Poisson Substitute 


sonit 


fe In other the (Eq. 36) is ‘that 4 
q Tigid slab of width 2 L rocking about the y- axis. The ratio between the elastic 
M of p p about the axis and the slope is ‘the elastic stiffness 


Ife a uniform distribution to a constant p z=Otoz L 
and — p from z = 0 toz = — L is applied, the deflection of the soil is ate 


j 
a 
yi 


From this solution it is to derive, by superposition, the deflection due to ad 
a uniform asymmetric load distribution extending from z = + L to various dis- ae ~ 


ae from the axis. It is found that the average rocking stiffness i is given by 


ict from =. For instance, in the case in which the load extends from = 


od 
0.2 
- 
Th 
fro 
— 
= 
— 
— 
= 
— 


0.231 It 1 may be concluded that Eq. 38 represents a reasonable 
mation, independent of theload distribution, 


é wet 
a. 38 implies the knowledge of the elastic constants E and up of the ik : 
These are obtainable from tests made by M. Ishimoto and K. lida? Samples 
a from the underground of several regions within Tokyo, Japan, at depths to 
3 60 ft, were mene into the forn form of of rectangular prisms and su submitted to vibration 
tests. average values the Poisson ratio are found to tu= 


‘Some of the values found for Young’ modulus ar are 


q 


‘silty in natural state | 50% moisture. . 


Creal 


in per eg in. 


D. Barkan” has under field 


tions weighing as much as 30 tons and having various areas at the bottom as — Ea 
4 great as 90 sq ft. The foundation was s tested dynamically for rocking oscilla- 
os tions and also statically for the rocking rigidity of the foundation slab on nthe i 
‘7 soil. The results are in good agreement with Eq. 38. ay length of 2: 21 was taken — 
® represent the size e of the square foundation slab used in the test. | The values 


ad west 


order of magnitude of these is in 


"aforementioned values cited from other sources. 


It is now possible to derive the rocking period of oecillation a lying 
on the soil. _ The results established in the preceding sections have shown © 


¥ “Determination of Elastic Constants of Soils by Means of Vibration Methods,” by M. Ishimoto _ 
and K, Tida, The Bulletin of the Earthquake Research Institute, Vol. XIV (1936), Pt. I; also ibid., Vol. xv 


“Soil Mechanics,” by D. P. Krynine, McGraw-Hill Book Co., _ Inc., New York, N. Y., 1941. eins 
u“ ” Ww. 

“Field of the of Vibrations of Foundations Under Machines.” by 
5 . D. Bar Barkan, Proceedings, International Conference on Soil Mechanics and Foundation Eng., 
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From measured velocities of waves in soils'*: 15 the following order of mag 
iii 
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— 
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— 
— 
= agreement withthe _ = 
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_ The rocking period of a block is 4) 2 


in which C, is the stiffness of the foundation according to Eq. 38, m the mass of — 


the block, r the iter of with Tespect to the axis, and h the 


represents ‘the 


“The pressure p, is an average on due to ‘the weight of the 


structure. — Rat the case of herd clay, and use for p, the bearing capacity 


te given by the Boston “Building 
TABLE. 3.—VALUES OF THE PERIOD _Code—p, = 84 Ib per sq in. 


data, a reasonable value for hard 
OF r, IN Feer clay seems to be E= 15, 000 
-persqin. The periods givenin 
100 —Table3 are then obtained. With 
(12 


2 ording to the standard ‘spectrum: in Fig. 6 the stresses are inversely a :: 
propor 


tional to the period of the structure. — Since e the sc soil can have a marked — 

oa effect on the period it is to be expected that it exerts also a proportional i in 
fluence on the destructiveness of the earthquake. _ Actually, of course, struc- s 
_ tures do not behave as rigid blocks, so that their period will be influenced by = 

— both the building and the foundation 1 rigidity. T! The combined periods must be 


a cording to the data in Table 3 and Eq. 42 the slendérness of a structure has a & e 
considerable effect on ‘its vulnerability to earthquakes. This probably bears 


— ing factors 
— trolling factors 
— 
— 
we 
— 
a 
— soil, Usually the | ecomes ti 
1 to the restoring mom : g=2p,L the P he 
4 
— 
— 
— 
— a 
— = 
— 
i a 
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"structures of given dynamic properties. The stresses in each mode are shown» 


to be derived Leys from the value of and a ¢ de- 


short periods, the values of the stresses obtained are considerably higher 
han could be expected. The possible effect of certain stress-reducing factors — 
is discussed, such as internal damping in the soil and in the structure, the 
radiation of elastic waves, ete. The influence of these ® factors can become very 
Boxe Particular s attention is given 1 to the influence of the elasticity « of the founda- ¢ 


+ lengthening of the natural period due to the foundation. This is equivalent 


5 to stating that rigid slender structures will have a tendency to rock about the 
q center of percussion because of the elastic yielding of the foundation. = 
Attention is directed to a phenomenon referred to as the “whip” effect 


- increases. the destructiveness of earthquakes on penthouses and the tip of 
a Spectrum c curves s presented herein indicate that the effectiveness of an earth- 
- quake i is inversely proportional (roughly) to the period, so that increasing the 


“this p paper should be as a guidei in extending safety rules and interpreting 
nsiderable field lies open f for further research, especially as regards the Ke 

vent ducing factors discussed in section ITI. be The influence of damping, 

_ for instance, could be taken into account by using a controllable amount of © Ai 
q damping in the mechanical analyzer. This would y yield a set of “damped — 
response curves” which would give the effective acceleration for 


curve. Further research should 


. also be directed toward a better knowledge of the dynamics of the foundation, 


the interference of structures with one another, and the influence of f agglomera- 
tions on the earthquake waves themselves. 


‘The investigation summarized in section as part of a 


program directed by Professor Martel and by the 


ings anc 


Experimental and analytical methods of approach have been developed 
the evaluation of earthquake stresses. An earthquake may be characterized j 
i bya i ion i alled a spectrum, which is derived from the $$$ 
ee 
§ +The comparison of stresses calculated by this method with observed de- 
4 
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— 
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PAL 


_ The following letter symbols, adopted for use in this paper, conform essen-— 


tially to Standard Letter Symbols for Mechanics, Structural Engineering, and 4 
‘Testing “Materials, ‘prepared by a Committee of the American Standards 4 


‘Association with Society representation and approved by the Association in 


= effective scclraton giving 2 value of shear — 


: = = effectiveness factor for the bending moment in the nth mode (sco ‘ 
Table 2 and Eq. 23); extent to which bending moment appears in 
gach mode ofthe structure; guitar al 
effectiveness factor for the shear in the nth mode (see Tables 1 a and 
ss 2 and Eq. 18c); extent to which shear appears in each mode of a 
coefficient defining the stiffness of a foundation (Eq. 38); 


= = gravity constant; 


ks = spring ki = = and sec- 
M= = = bending dit 0 ai be 8 


sidell M maximum bending moment i in the nth of a truss 


M, = maximum bending moment produced by a static hori- 


P = “unit pressure; ‘uniform p pressure distribution: 


pressure distribution with of integration 


; 


~ 


Ls 
k lerati afunction of time (acceleroe 
ake acceleration as 1 Ol e (accelero- 
— 
— 
— 
— 
— 
a 
— 
— 
— 


iti 
value of deflection obtained during an earth- 
quake for the nth mode, as a function of time; 
e= relative to the ground (u and are taken positive to 


{) = at instant ¢ and distance z from the 


Vn = maximum aia! in the nth mode of a cable or truss; 


= maximum shear produced by static horizontal fords 


= variable of integration in Eqs. 8; le 


= variable of-integration in place of (Eq. 35); 

circular frequency: circular defined by 26. 


* 


ah 


period of vibration; natural period of oscillation 
4 T, = the period of the nth mode; _ — 
rots 
= — 
te 
iim 
— 
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1. Soc. Cc E.—In seismic design, the 


use of arbitrary i inertia loadings acting at the center of gravity the structure 


ous 


were 


representative of earthquakes to be expected at the site. additional important 
economies and improved distribution of material still remain to be accomplished “S 
hi increased recognition of the mitigating factors outlined by the author: First, is 
‘the earthquake shock is transitory” and the particular pattern required for — 


ort 


_Tesonance is generally Tepeated for only a ; second, effect of 


nique is a distinct aid to progress along these 
re b= Operational methods somewhat similar to the one used by the author in 
the seismic spectrum wel were evolved originally by Oliver Heaviside for 

= studying the effect of transient electrical impulses and may be extended — 
profitably, by means of the theory of of functions of a a complex variable,*” 


ee analyzing the effect of earthquake transients upon structures. 


These 


ae wid not only effect a great ¢ economy ¢ of time and labor byt their directness and auto- Fs 


since the response lags the transient ‘driving impulse. Maximum 
ene in such cases might occur after the ground motion ceases. * 
ot As an illustration, suppose it is desired to impress only n cycles of a sinu- _ 
Bets soidal ground acc acceleration upon Fig. 1 and to include the effect of damping. 


ng. For convenience, Tet Bim = 2A and 


= 


bal 1* “Complex Variable and Operational Calculus,”” by N. W. McLachlan, Cambridge Univ. Press, 1939. 


“Operational Methods in Physics,” Jeffreys, Cambri Tract No. 


— 
— 
— 
m 
> Shock 18 dissipated in the 
OF Mvegration after the forced ground distur 
depicting the motion of the structure aft 
— 


‘a 


ex 4 3 


Fy which T is the aida’ in seconds; and Dp, in the best siodive: 
represents the transform ‘the Mellin inversion” theorem. 
_ The ground acceleration is suppressed ian n cycles by incorporating 
shift™ operator (in which, to simplify typography, g = 2 © p/w), so that 
— the operational wee for the caer side of the differential equation becomes 


From the basic differential equation, the operational f form 


For the case of interest in seismic design, the zeros of | (p 2A BY) 
are complex numbers, so, for convenience, let ¢? = B* — A?; and then placing 
(p + ta) (p —tw) (p + A (P+ A +49)" 


in which, to simplify typography, » 1 


Since the only singularities of the integrand are simple poles t= 


$3 A- - integration along ‘the: standard Bromwich : 


contour is ‘equivalent to times the summation of the residues? % 2627 


the poles, The value of the first integral inside the brackets, Eq. 48, 


sin wt — 2 Awcos wt orl 


“Complex Variable and Operational Calculus,” by N. W. McLachlan, Cambridge Univ. Press, 


Variable and Operational Calculus,” by N. W. McLachlan, Cambridge Univ. Press, 


* “Functions of a Complex Variable,” by E. T. Copson, Oxford Univ. Press, 1935 ,p. 117, 
*“The Taylor Series,” by P. Dienes, Oxford Univ. Press, 1931, p.233, 
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The value of u for all times between. t= Oandt = 
ere this expression only, which, it will be noted, correctly gives u = 0 and 
Ald The values of u after suppression of the acceleration are given by 
the sum of both within the brackets, Eq.48: "Sided 


(2 A? — B24 w) wsingt + 
‘The use of this combined value is valid only for times greater 
a a = 2n7/w. Emphasis is placed upon this important characteristic of the __ 
_ use of shift operators in general.** The time is referred to the time of quiescence — 
: Lon an origin, but the use of the sum of the two a is correct only subse- 

operational method i is not limited to impressing sinusoidal transients, 
Operational forms for a wide variety of impulses are available.’ * Among 

these may be “noted as possible components of actual accelerograms the 
diminishing Bessel wave Vv p* +1 and the Morse dash or hammer blow 
(1 — e~?"). Operational methods also make it possible to combine these 
various elementary impulse forms; for example, the Bessel wave represented by . is 
_ the foregoing operator may be impressed immediately following asine wave of 
1/4 cycles, fairly approximating the characteristic graph observed on 


4 


3 


typical accelerograms. _ In snythesizing ground motions in this “manner, care 
Pg should be taken to incorporate i in the operational ‘derivation the fact that the a 


_ system is quiescent at the start of the first impulse, brad in mee at the a Res 


| 


~ 
wa 
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J. ‘Horr Esa. —Predicting the stresses in buildings doe to ‘earth- 
quakes is probably the most complicated problem a civil engineer may en- 
_In problems of stresses caused by static or steady dynamic loads the 
a of refined mathematical methods may be required to obtain a rigorous’ a 
Me solution, but, as a rule, an approximate answer satisfactory for practical design a a 


purposes can be obtained by the use of only elementary mathematics. Such 4 


es rE is not the case with earthquake vibrations. Without aninvolved mathematical _ 
analysis pot even t the he order of ‘magnitude of earthquake ‘Stresses can be 


The first part of this paper presents Professor Biot’s earlier 
~ theoretical contributions to the solution of problems of earthquake stresses in _ 
28 “Complex Variable and Operational Calculus,” by N. W. McLachlan, Cambridge Univ. Press, 
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of the “earthquake spectrum” is of special interest since it may 


_ eventually to a ‘simple routine engineering approach to this involved problem. 
oot Advantages of the mechanical analyzer in Fig. 2 are « obvious ! for the determi- 
nation of the ‘ ‘spectrum.” Tt may be of interest to compare this. device to 
the “shaking table” used in ‘the experiments conducted i in the Earthquake and — 
Vibration Laboratory of Stanford ‘University, Stanford ‘University, Cali, 


- where the writer had the opportunity to work under the direction of Professor 


and follower 
recorded horizontal ‘motion of the On the 


fared vibration of which is recorded. The spectrums of several earthquakes 


established with the aid of the shaking table. 


Tei is suggested that the reason for this discrepancy is 
frictional damping of the shaking table. Systematic at Stanford 
Brie y showed that small changes i in the friction have little effect upon the 
motion of the oscillator if the friction is comparatively high, but the effect is 
very marked when the friction is low. — _ Of course, even the accelerations found 
_ at Stanford are much higher than those experienced by actual buildings during 


s same earthquake. This 1 must be 80, | since the great ‘majority of buildings 


great advantage of Professor Biot’s is its ease of 


ennared _ This is due mainly to the fact that it makes direct use of the — 


:s “used for constructing the cam. The numerical integration is very laborious as es 
* evident to all who ever saw an earthquake accelerogram. pid For this reason, 
"Professor Martel of the California Institute of suggested the use 


ak. the e investigation of the vibrations of buildings v with distributed mass and 2 
“elasticity, Professor Biot made the tacit assumption that the maximum shear 
a in the building i is the greatest of the maximum shears of the different natural — et ig im 
frequencies. the Stanford tests it was found that in many cases the time of 


oce occurrence of the m 1m shear was approximately same e for ‘single 


‘VA 
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oe Ren reason may be found in the internal friction of the buildings and in the a Se 
‘fs effects of the foundation as explained by Professor Biot. Nevertheless, a — 
; 
ke 
— 
— ag 
q 
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. ae the same ground motion. If this holds true for buildings of many degrees of _ 
freedom, the cumulative effect may cause & Maximum shear greater than 
_. indicated by the spectrum. Furthermore, it is even conceivable that in apt 
the shear would occur somewhere else than at the base of 


the building. I 


“foundation are of great importance to practical design. _ It is desirable that the 


investigation of these problems be continued with view to ) establishing a 
] ee reliable and easily applicable procedure of calculation such as was achieved i in “es = 


ae the simpler cases with the aid of the concept of the earthquake spectrum. Itis 


{a = 4 hoped. that, in due season, Pr ofessor Biot again will be able to devote some + a 
a ay his time to problems of earthquake stresses in buildin 


calculations relative to the “whip effect” the influence of the 


Merit P. Waite," Assoc. M. Am. Soc. Cc. —Professor Biot’s paper is 
Peae oat probably one of the most significant of those which have appeared i in the field _ 
bee of engineering seismology. Although many of the ideas presented are not new, “eS 
a . a the fact t that t this i is the first published attempt to to present a com 
plete picture of the earthquake problem makes it important. 
arty As in nearly every other branch of engineering, there are two possible ways Re 
e a ‘to attack th the problem of earthquake resistant design. Sf One of of these e represents — as 
aoe empirical, trial-and-error school of thought which, in general, is responsible — 
“a oe _ for the present design methods. _ Actually, this approach can give, and has 
ras given, excellent results, partly on account of what must be called “engineering — 
intuition. Nevertheless, the writer prefers the other approach, which may 
i characterized as the rational approach, which attempts to isolate and O32 
the significance of the different factors involved in a problem. ‘The 
method may be based on experiment, or on a combination 0 of experi- 
ment and theory. Certainly, Professor Biot’s paper is representative of this i 
4 Mechanical Analysis of Accelerograms.— —The use of the mechanical analyzer 


by the author certainly will result in a saving of time when 


: aes the writer believes that the difference is not always as great as the 4 
author implies. In 1938 a comparatively rapid tabular method for solving 4 
— of motion was developed at the California Institute of Technology.’ 

This method has the advantage that the effects of various amounts of f damping» = 
anita found with little additional labor . Of course, a further advantage . 
> the fact that such a method requires no mechanical equipment. So far as the ; 

__ writer knows, the first use of the mechanical analyzer for finding oscillator ap 3 
sponse to an earthquake motion was by Frank Neumann of the U. S. Coast and 
_ Geodetic Survey in 1936. In this work the earthquake displacement cam 2 


_ obtained by double integration of an feng was used. to govern the a 
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‘ %: pee Geodetic Survey with the assistance of Mr. ‘Byrne and the writer in the 


eC <= the natural building periods and the periods of spectrum peaks for the ty aay 


4% 


C. E., suggested a method by which an ‘accelerogram might be 
used directly to actuate a mechanical analyzer. This is the principle of the 


abe Peaks Appearing in Spectrum Curve. —The physical explanation for the 


a peaks | that always appear in an earthquake spectrum is a matter of f importance. — 


these peaks truly represent characteristics of the basic earthquake motion, 


f ~ then, as suggested by the author, they r may account for some of the paradoxical — 


‘occurrences in However, , to the writer, a more satisfying « ex- 


‘aa 


ppearing in an earthquake spectrum are due 


made by To test this hypothesis, extensive forced vibra-— ay 

ti ion tests, i in which a shaking ninshins , was used, were made by y the U. 8. Coast a 

SEP 


any? of 1938. ¢ It was found: (a) That there was definite correlation be- am a 


“igi 


earthquake records made by recorders in the buildings in question; and (b) 

that forced oscillation of a building g gave measurable motion not only i in the ee 

basement of the structure, where recording instruments may be located, but ie a 


over a surrounding area, 1,000 ft or more in extent. Hence, spectrum peaks 

: may even be caused by neighboring structures. building coupling effect, 
in which a faint but regular motion is s superimposed ¢ on the basic earth motion, — 

- might not be in evi vidence on the seismogram, but on account of its regularity it Sas 

would have a large effect on the spectrum. bee 
Change of Building Period with Amplitude.—The author states that a change 

3 of building period with amplitude of motion is effective against | resonance a foe 

effect. This is generally true, although it is conceivable that the opposite 

may is, an oscillator which is ‘slightly off resonance may “acquire 

e. bs enough | amplitude to cause a period change, putting it in better resonance. 

a However, if the spectrum peaks are not « characteristic of the basic earth mo- Mee a 


Effect of Foundation ‘Yielding and of Non-' Uniformity of Mass Distribution 


or ‘Stiffness of Building. —The general case, in which the structure is not uni- 


t ¥ form and rests on a yielding foundation (but has vertical planes of symmetry, or 


near symmetry), can be treated quite simply as follows: To determine 


maximum shearing force : at the base of the structure, the  Freaenens and shapes a 


d natural frequencies of ony: building are found easily by the use of Aeadlan 
meters or by comparison w with similar stru etures | in ‘similar locations. 1 The 
‘mode shapes (usually only the fundamental is ‘really important) ordinarily | can 
"Model Studies of the of During Earthquakes,” by Merit P. White 
E. Byrne, of America, Vol. 29, No. 2, — 1939, Pp. 
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with sufficient. accuracy The distribution of is ely 

ae was senal by the author, the total response will be the sum of the ie 

sponses of the various ‘modes, | the fundamental mode predominating. Bach 

Ta nee ‘mode will be excited i in much the : same way as is a simple oscillator of the: same +] 
Shoup sigue gtd Io vluvt baited 

Letting Y,(z) be the shape, T, the period, and the maximum shear at 

the base of the building, all for the nth mode of vibration, and p(z) ‘the mass * 

ia per unit height of structure at the height z, it can be shown that — . 


Eq. 51, is the ordinate of the author’s acceleration spectrum a 
eye bi = T,, h is the height of structure, and m is the total mass of the building, ., 
es Thus, Rai is the multiplying factor that gives the ratio between the maximum 
sheer at the base, caused by the nth mode, and the maximum shear i in a simple bios 
4 oscillator of equal mass and the same period. (Note that only the shape of ae ae 
 Y,(2) is ‘significant, and that the scale assumed has no effect.) Eq. 51 can be — 
o) shown to reduce to Eq. 18) of the p paper for the particular - case in which weight 
distribution and stiffness are both constant. 
Now, for the fundamental mode, consider the importance of foundation 


by Eq. 52, as demonstrated for the following cases: 
eS (1) Weight concentrated at a point (the simple oscillator). _ Ratio R= ‘a aa 


(2) Structure has ‘uniform: stiffness and weight distribution; base i is rigid. 4 
(3) Weight i is uniformly distributed, and the fundamental mode i is linear as 


atl in Fig. 9 (this might represent a very stiff structure on a yielding base, a struc te 

= ture having a particular variation of stiffness, or one in which bending and — 

shearing deflections are about equally important). Ratio Ri = 0. 75. 
ae: (4) Weight uniformly distributed; fundamental mode is ’ parabolic as in 4 

Fig. 10 (this is approximately the shape for bending Ratio 


effect of distribution of weight will be similar to effect ; 
of variation of mode shape. It appears that for the fundamental mode de 
sh maximum shear generally will vary between the value corresponding to the 
ordinate of the 


um one half thisamount. can 


0 
=< 
a 
= 
Pp 
8 
— 
— 
= 
4 
— 
— 


We ON ENGINEERIN 
be shown that cam, of ‘all the Ry-values any symmetric structure must 
4 eq qual unity. fi ag R, cannot e exceed ‘unity, which is its value in the ‘ease 
ee. of the simple oscillator. Also, the smaller the value of Ri, the greater must 
the remaining R-values and eldixel vue mi ai at 
and the Higher Modes.— —The bind 
tal and the higher modes inaparticu- va 
lar case will depend on: (a) At what 2 
point of the structure shear is deter- 
mined; (6) the values of the different: wit 
A periods and shapes of the different 
_ modes; and (d) the shape of the 


As an illustration, consider a Mose FonpamentalL Mops 
structure ¢ on n arigid base. Then, lo ting 
Assume e that the spectrum ‘shape i is Ea. 13—that is, A(T) = - 


is Then, / Ay: As = 1:8: 5; and, at the base of uniform 
Vi: V:: : = 0.81: 0. 0. 16. mor 
Variation of Shear with Elevation. —Away from the base, the situation will 
be somewhat different from that at the base. For. example, using the same : 
spectrum as before, at a point one third down from the roof of a uniform 


BS ape 9 the maximum shears due to the different modes are in the ratios 


a V',: V's: V's = 0.40 : 0.27 : 0.08. Here, the second mode shear is ‘about two 3 


= ‘The effective acceleration for a section of a renew or the ratio of ia 


3 i 0. 
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generally implied in building codes, but increases with elevation. Considering 
only the fundamental mode of a uniform building, the following effectiveness 
| 
| 
| 
| 
| 
| 
| 
hus, the maximum acceleration at the roof of a uniform building, caused b 
Ma fundamental mode, e 
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“HECK ON ENGINEERING SEISMOLOGY 
of period, and is 1215 ‘1.57 times the 


tion for the entire structure. This j is the ‘ effect” the 


conclusion, the: writer suggests that of the many 
a al the conclusions which apply to earthquakes are also applicable to what “2 
= = now even more important problems i in dynamics—namely, the effects on struc- _ 
tures of explosions, and the impact of projectiles. 
ae N. H. Heck,” % M. Am. Soc. C. E.—With the development of the program 
oe Nee recording strong earth motions, the Coast and Geodetic Survey has recog- e: 
nized the necessity of full utilization of the results. Its principal 
has been the determination of velocity and displacement (oscillatory) fromthe 
-accelerograms so that all the elements of motion are known. The Massachu- 
setts Institute of Technology, Cambridge, Mass., has cooperated in testing 
Be the validity of the results and sufficiency of their accuracy for engineering = 
rf Purposes. “Little has been done in the application of the results to engineering 
ae design. However, the collection of engineering information after a destructive — ae 
os and the determination of building periods a and the pel periods « of other . es 
structures, in some cases at intervals during construction, a close 
ee For these reasons the paper a: and previously reported work of Mr. Biot have __ 


: a; a been especially welcome. Its essential feature is the use of the earthquake o 


spectrum obtained from strong-motion _accelerograms with his mechanical 
ee analyzer. The spectrum gives a direct measurement of the maximum shear in ce. 

4 : a building due to a given earthquake. One thing is disconcerting—the high a 
maxima in the relatively weak Ferndale (Calif.) shocks. The motions at — 
Centro, Calif., due to the Imperial ‘Valley earthquake of of March 18, 1940, 

a5 were considerably greater than had been expected and accordingly one might — 
; _ expect very high maximum values of the spectrum for a major earthquake. Pay! x : 
og Mr Biot states th that there are at number 0 of reasons for believing t that the . 
‘internal ‘damping of structures is appreciable, ‘and that since he has used an 

_ undamped pendulum, high resonance values are due in some measure to lack of - 
damping i in the torsion pendulum. _ The analysis obviously should be extended — : 

general, it has been held that the tower type of building has ‘special 
, _ advantages as an earthquake resistant type, but the whip effect on the upper : 

a The effect of the building g on the ground i is important from the viewpoint Re 
of the Coast and Geodetic Survey strong-motion program. By engineering & 

_ advice all but about six of the sites adopted \ were in buildings and the ~ 


ey “ments installed i in the e basements probably a1 are affected by the motion of the 
: building in the earthquake. The fact that the building at El Centro js small 


has enhanced | the value of the conclusions from the El Centro record. Fas an a 


ss The p paper emphasizes the importance « of the determinations which have been L 
* made of the vibration periods of buildings, since without this an the 
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maximum ‘cannot be determined for a given 
aa that change « of period | damps out resonance is is undoubtedly correct, but 4 i ea 

result in serious damage i is needed. 


vestigation. Interest in the subject has not been diverted by the war effort, 
but few persons are left to work on the problems. Interest in high-acceleration 
high-frequency vibrations has greatly increased but progress should be made in 
the entire field of vibrations including the relatively low-frequency long-period 
vibrations characteristic of destructive e: earthquakes. df | 


FRANK ‘Neumann, AFFILIATE Am. Soc. C. acceleration 
quake way now seems to be clear to furnish the engineer seismic 
i> data i in a form that he can put to direct use. The development of spectrums — fi 
3 by ‘practical methods has been considered a , seismological as well as an ‘ang 
neering problem, and workers in both fields have made important contributions _ 
toward current accomplishments. 
a ting feature of the “standardized” spectrum is that, if reduced cad 
om to “equivalent maximum velocity,” the curve will show a constant maximum > 
3 velocity for all periods greater than 0.2 sec. This would seem to provide an 
“intensity factor” in standard ‘units for any earthquake motion that has been 
4 thus analyzed. This factor, i in the case of the Helena north-south « component 
Gs 2.4 times the maximum velocity of the ground motion; but the Helen 
3 “standardized” curve cannot, as Professor Biot infers,* be considered typical — © 
- of all curves in view of the effect of epicentral distance, for one thing, on ground Ay 
_ periods. A notable instance of this distanee effect occurred in 1933 when an > 
i earthquake originating 183 miles from the San Jose (Calif. ) Bank of America es x 
_ Building registered an acceleration, on the thirteenth floor, seven times crater i: 
a than the recorded ground acceleration of 0.005g. The approximate resonance — 
_ Period in this case was 1. 6 sec. The need for families of spectrums is thus 
ons are to be adapted to standard patterns. pri = 


, Section D Div. of Geomagnetism and U. 


Seism 
Mechanical Method of by Frank Neumann, Proceedings, Am. Geo- 

physical Union, Washington, D. C., May 1 and 2, 1936; also “The Simple Torsion as an 

¥ 


Ree Analyzer,” by Frank Neumann, ublicationa du Bureau C 
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dhe paper is stimulating to thought and opens up important lines OF in- 
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epicentral distances may be restricted in magnitude to the limits of aspectrum 
obtained very close to the epicenter, barring all geological influences. 

§ is thought that the apparent multiplicity of periods in the short-period 
end of the spectrum may be due, in some measure at least, to difficulty in 

following the acceleration curve during the analyzer work with the necessary goo 
yee ia precision, especially since resonance is likely to occur between the motion of Rei — 
i: 1 Bom torsion-head lever arm (which is manually operated) and the motion of the ae = 
pendulum. In a similar operation in (to determine the equivalent re- 
_ 


~ 
oy. 


= 


bate 


* 


sponse of a 5-sec pendulum with a the 
that it required considerable skill to follow the east-west component of the _ 
Helena acceleration curve, “moving with the equivalent of the middle 
4 ae used in Professor Biot’s work, even though the curve was | magnified seven 
times. It is believed that the use of acceleration curves expanded many times, 
= Ale as now used i in integration processes in the ) Coast and Geodetic Survey, would 


i a nee. and Geodetic Survey accelerometers very seldom exceeds 15% or 20% between 
mt 0.1 and 0.2 sec. An experiment is now (1942) under way to test the practica- 
i bility. of shortening accelerometer pendulum periods with a view to increasing | 


q 
= 


Re work for greater precision at these critical periods. — As to the general form of % 5 
he the spectrum, recent ground period studies*’ indicate that the period potters 
ne _ changes somewhat with the orientation of the seismograph pendulums, a con- er 
s ‘dition which may be expected to be reflected in the computed spectrums. — rae 

_ With reference to that part of the spectrum below 0.2 sec, the error of on ss 


the range (downward) for recording true acceleration, and i increasing the i. 


eral recording capacity by decreasing tt the sensitivity. Stal 


than had been in the original recorder 
ao _ Although these records do not always offer the sharpness of detail — 
and cleanliness which Professor Biot desired in his work, it is nevertheless a 

aa > uy fact that only one me record to date has been lost to the extent that the data are 
= : not available for engineering studies. Available records include two of the 

‘Long Beach (Calif.) earthquake o of 1933 yielding maximum accelerations of 
En 0.06 g and 0.21 g, g, and maximum n displacements of 20 em double amplitude; 
also one of the Imperial Valley earthquake with maximum acceleration of 
- 35g and double amplitude of 40 cm. Comparing these values with the 


El Centro,** was “confined to walls that were not reinforced or tied, and to 


«projecting balconies.” The amplitude to be expected in an 
=: Concerning the inference that the torsion pendulum is” “a less ‘euanag ai 


but simpler analyzer” than the proposed electrical apparatus, there will always 


the | point. _ Any lack of accuracy in torsion pendulum | analyzers would seem 


to lie in the manner in which the variable acceleration is transferred to the 24 . 


torsion head of the pendulum rather than in the functioning of the pendulum © - 


itself; ; and again, with reference to the statement in Section II of the paper q = 


*? “Analysis of the El Centro Accelerograph Record of the Emoeeiel 1 Valley Earthquake of May 18, 
1940,” Manuscript 9, U. 8. Coast and Geodetic Survey, Washington, 


= oe Analysis of the El Centro Accelerograph Record of the Imperial Valley Earthquake of May 18, 
1080,” Manuscript 9, U. 8. Coast and Geodetic Survey, Washington, D.C.,p.3. 


mological Soc. of Ame America, 31, Ho. 3, ‘1941 p. 1 


rei, 


eS — maximum of 0.16 g and displacement of 6 cm involved in Professor Biot’s mY 
_ Helena spectrum, some idea may be obtained of the magnitude of the spectrums - si 


; & to come. Moreover, in spite of the magnitude of the recorded motion in the 
= of the Imperial Valley earthquake, the damage at the recording point, 


ia 


_ be a doubt in the writer’s mind until actual experience with both types — 7 
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+ this field will face, remembering that even records of intensity VIII earth- 
quakes present a much more formidable problem in processing than one of the 

_ Helena type which does not represent an intensity greater than vw ‘The 
Helena instrument was mounted on a limestone foundation and not on valley 


where most of the damage occurred in the 1935 earthquake. 
JACOB Fe.p, M. Am. Soc. C. characteristic fashion the author 
4 4 prepares a complete and logical derivation of various factors concerning the _ 
effect o of earthquake vibration on physical structures. The writer is chiefly 
: interested in that section concerning the influence of the foundation on the — 
© atten of blocks. In the approach to a solution of that factor, Professor Biot ee 
makes the assumption that the soil characteristics do not change during the 
Based also upon the assumption that the soil displacements within 
e Be the limits of the deformations or deflections resulting from the vibrations of the _ 
- block do not exceed the elastic limit strain, he deduces a formula for the rocking 
motion of the block, as restrained by the resisting characteristics of the soil. oy 
_. Practical experience with vibrating structures embedded in soil does not % 
confirm the | mace. Iti is well known i in n construction that, 


in damping with time. T only explanation for 

_ the change must be an alteration of the characteristics of the soil. It seems that 
continuous vibration of of this nature i increases the density o of the surrounding soil. " Ie 
In some instances the writer has noted that a definite gap develops between the Ee 
© feos of the embedded concrete foundation and the adjacent soil. In such tg ; 


‘instances the vibration transference is considerably reduced, suddenly 


pearing again when, due to rain or other causes, the gaps are filled i in. In one bs. 
contract the writer designed a support that was kept entirely free from the sae * 
© cma’ soil and was bedded on a layer of cork. A gap was 1 maintained on the 
4 four sides of the supporting base over a period of three years, and measurements es 
made of the transference of vibration showed a loss of at least 90% of the com- 
"pressor yr vibration wave. The period of the. compressor ' - vibration was 0.25 sec. 
Measurements were made by a vibrograph instrument both 
horizontal and vertical components on a a celluloid: sheet. 
Investigations of the effect of ‘earthquakes and similar secs on the 
2 lateral al pressure of earth have been made by. Nagaho Mononobe and Haruo — 
"Matsuo. 4. ‘These men found that the 1 pressure of earth against a vertical ree 
a taining wall increased quite suddenly to a maximum upon the application of a | 
vibration similar to an earthquake. The amount of i increase depended upon 
= the s severity ‘of the shock; but in each case the total pressure ¥ was found to be — 


maximum immediately apes the application of the vibration, with a slight de- — 


“Experimental Investigation of Lateral Earth Pressure Dering ” by ‘Mononobe- 
Hares Matsuo, Bullets Research Inst., Vol. 1983, 4 


a that “it takes an average of eight hours to plot one spectrum curve,” engineers: 
are likely to be misled on the magnitude of the task which future workers 
i= 
"foundations embedded in soil that has been made very heavy to dampen 
= 
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‘ox 


than that. ond the only y explanation se seemed to be that the eng 
oe fener changed in character. This was somewhat substantiated by a series oS : 
> of tests with ‘more compact fills, which did not show as large an increase in ea 7 
4 ag pressure from vibration. It also was found that the pressure against rigid pre < 
was increased to a larger | extent than pressure against deformable walls. This 
again seems to indicate that the change in pressure was caused by a change i in 
id _ the characteristics of the fill. Incidentally, the author concludes that the ee 


maximum earth pressure under earthquake conditions. can be calculated from 4 


= maximum wum seismic aceeleration. 
Ww. Jun. Am. Soc. E—In 80 as it treats the 
earthquake problem from the viewpoint of vibration theory, this paper sl should — ie 
prove of interest, particularly fo engineers working in regions of seismic 
activity. That the effect of an earthquake is dependent on the physical 


properties of structures has long | been k known, and it | was early recognized | that 


of the first attempts to measure the intensity of strong-motion earthquekes if 
a F was made by Robert Mallet (1810-1881), a famous British engineer who made 
important contributions to seismology. The method used by Mallet® was to 
ae «Bet up a group of six cylindrical wood blocks of graduated heights. By o : 
b ” serving which of the blocks were overturned, he. hoped to be able to classify ees 
destructiveness of the. e earthquake, This wood- block k approach has 
tinued to interest engineers to the reasons time, but | the ro rocking motion 1 of 8 Pe: 
block is so complex that it has not been possible to draw any conclusions from _ 
the behavior of such a set of ‘blocks. wis 
A more satisfactory approach was taken by the late K. Suyehiro (1877- 
1932), noted Japanese engineer and one-time head of the Earthquake Research ee 
Institute of Japan. Suyehiro ¢ constructed a seismic vibration analyzer“ to 


measure the intensity of earthquakes for different This instrument 


t 


periods recorded were too large. 


on a a suggestion from ‘Martel, 


4 


The: strong-motion records furnished by, the U. Const an 
<e is Geodetic Survey since 1932 have made it possible to compute the response of rd & 
8. Engr. Office, Los Angeles, Coif, 

<M “@ “Dynamics of a System of Rigid Bodies,” by E. J. Routh, Macmillan Co., 1913, p. 175. ad 
Seismic Vibration Analyzer,” by K. Proceedings, Imperial Academy II, 1926 (Tokyo), 
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bh cecillators of different periods, thus greatly increasing — — of this phase of 
seismological research, This can be done waye— 


versity in Stanford University, Calif.; or by utilizing the torsion pendulum as 
was done by Mr. Savage’ at the of and also by Professor 
A defect in this approach, as pointed out by the author, i is that the com- 
- putations are based on records of unknown s accuracy. (A testing program to 
determine the accuracy of these strong-motion seismographs i is being conducted oe 
Bias at the I Massachusetts Institute of Technology, in n in Cambridge, for the the UL ‘8. 
‘Coast and Geodetic Survey. The results of this investigation have not yet ae 
‘[June, 1942] been made public. ) Anyi inaccuracy in the accelerogram will be ta 
eflected in the computed oscillator response cu irve or spectrum. Ky It would be 3 
: well for the author to call attention to the fact that the joys reliable point on aq 


vibrating mass. This is particularly true since the vibration ‘theory 
required has already been developed i in the theory. of acoustics. 1 It is interesting et ” 
4 to note that a building with a deformations i is the mathematical analogue of 


of a a tuning fork. “This, then, i is another instance in which the mathe- 
matics required by engineers has already been developed by physicists in the 
_ solution of analogous problems; even the analogue of the building with the 
flexible first story has been treated by them. 
ay _ Since 1936, a program ¢ of earthquake research, sponsored by the Los s Angeles 
County (California) Department of Building a: and Safety, has been conducted 
at the California Institute of Technology under the direction of Professor 
Martel. During this time spectra or oscillator response curves } have bee 
: 4 evaluated for the following earthquake records: Los . Angeles Subway ay Terminal 
_ March, 1933; Vernon, Calif., March, 1933; Los: Angeles Subway ‘Terminal, | 
October, 1933; El Centro, Calif., December, 1934; Helena, Mont., el 
1985; and El Centro, May, 1940. engineering terminology, these so-called 


* ed « were obtained from the | same ‘seismograph but for different ‘earthquakes, 
pas The curve in Fig. 11(a) is similar | to those presented by the author—that i is, ong 
_ ordinates decrease rapidly for for increasing periods of vibration. | In Fig. 11(b) 

this r rapid decrease does not occur. It is seen that in this case the shear is ‘not 


; reduced, in general, appreciably by lengthening the period of vibration. 


ee Mr. Neumann also called attention to the use of the torsion pendulum for this problem in — 


— 
| Inetibate of Technology in Pasadena, and by F. the 
response of oscillators as was done by Profess 
l 
i ___ fessor Biot, the value of the computed osci iii 
— 
— 
— 
— 
— 
i were found to be of two general 
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The problem. ‘of foundation yielding discussed by the author is a phe- 
nomenon well worth studying. It was first investigated by Suyehiro and 
a. -Ishimoto* i in 1926. These investigators constructed a special vibrograph and ~ 

m made measurements 0 on the Tocking oscillations of buildings.“ # ns: Some Tesults of “ 


TABLE 4.—Osservep Periops or VIBRATION 


Aeronautics; main building | Reclaimed 
Mitsubishi Laboratory; main building 10 | | 038 


ment. asement. 


buildings « of very rigid construction. To. compare values with the 

“results of the author’s analysis, it is necessary to recompute Table 3. In his 
=s Professor Biot has used the value p, = 84 lb per sq in., epparently 2 
confusing allowable bearing pressure with actual building On the 
- basis of the dead load of typical buildings, it would be proper to take pe = 1. 04 x: 

_ Ib per sq in. for each 12 ft of ‘eight... : Resomputing on this basis gives the 


Values of r 


+33 


: 


: Only the structure 50 ft wide has been computed and the value r = 
‘sents a height: of 12 ft. ‘As recomputed, ‘it is seen that the calculated periods: 
2 of the : rocking oscillations are much shorter than the corresponding periods of 2. 
the first modes of vibration would be. These computations would indicate that — “ee : 
foundation yielding | does not cause an 1 appreciable : stress reduction due to period ~ 
very extensive program of vibration measurements is in 


four showed ‘evidence possible yielding. These were low, = 

rigid buildings on soft ground. The building vibrations (due to microseisms) f 
Measured by Suyehiro- and Ishimoto” would also indicate that foundation 
yielding may be of importance for low, rigid structures on soft ground. of 
interest to note that Suyehiro concluded that the rocking: oscillations were oll “7 


by the author would not be applicable | to nonlinear “vibrations, although | in 
itself nonlinearity would seem to be beneficial in reducing maximum shears. : 


_ 4 “Vibrations of Buildings,” by K. Suyehiro and M. Ishimoto, Proceedings, Third Pan-Pacific oon 
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It appears that more expex is to determine the funda- 
mental characteristics of rocking oscillations of buildings, 
to ‘Homer M. Hapuey,** Assoc. M. Am. Soc. C. E—The gist of Professor 
‘Biot’ s scientific approach to the problem of earthquake resistant construction | 
and to the improvement | of codes appears to lie in his advocacy that recognition 
be Ye given to the va varying responses which different structures having different & 
ae of vibration give to the same earthquake and, further, that recognition “ 
be given to varying types of foundations with their differing elastic properties 
4 and consequent differing effects upon structures built upon tl them. - That such 
i - lente exist cannot be questioned, and it would seem m entirely Teasonable __ 
a ihe and logical to include consideration of these matters in design. When specific 
application: is attempted, however, the engineer finds himself embarrassingly 


deficient in reliable data upon which to proceed. A sage saying which the 
i es _ writer heard years ago in Alaska was this: ‘““Now, if we only had some ham, a 
ig 4 we'd have some nice ham and eggs for breakfast—if we only had some eggs.” a ee. 
3 “ae ‘fe In short, for ham and eggs one must have both ham 1 and eggs. Even so, for ae: : 
Be _ the application. of the scientific method, the « engineer + must have reliable data — 
a ae ame “for its basis. What is definitely known about earthquakes, about foundations, 
One scientific fact about an earthquake always faithfully reported is the 
. Bs location of the epicenter. Not much else may be learned of it, but the location © 
<< ine of the point | on the earth’s surface above the subterranean origin is readily ss 

determined. From the e accumulation of these data engineers have come 
i know what | regions are most subject to. earthquakes, but beyond this there i is 7 
20 particular application of the knowledge made to earthquake resistant con- 


Wrote % 


_ ome 


4 At Beach, Calif., on March 10, 1933, the e epicenter was first reported in 
the ocean bed some 15 miles off Newport Beach, Calif., where only slight 


damage occurred.“ It seemed somewhat anomalous that the severe damage 


should have occurred at places much farther removed from the epicenter than __ 
NNewport Beach. Later observations” led to the conelusion that there had 
Se been a series of epicenters at various points along the Inglewood, Calif., fault, e 
there being a series of successive origins. Since these later epicenters were 
adjacent to the districts of severe damage, that much ‘empirical confirmation 3 
to the earthquakes themselves, the various records show certain common 
‘Se characteristics: An initial period of slight movement; then the period of severe, fF | 
violent movement; and then the final period of diminishing, dying movement. 
As to their intensities, it i is known that they vary widely. The | 
{ 
be 1938, 2 are quite different. Who, on March 1937, for instance, having 
ie ee. the we accelerogram and spectrum of the February 6, 1937, earthquake and of all z 


48 Regional Structural Engr., Portland Cement Assn., Seattle, Wash. j= 


“Preliminary Report on the Long Beach by Harry O. Wood, Bulletin, Seismological 


“The Determination of the Extent of Application to the Long Beach Earthquake,” ad i. 
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preceding Cent at Ferndale, could have said that a ai mor 
quake would occur on ‘September 11 11, 1938, or, on any particular date, coul 
have foretold what its accelerogram or spectrum would look like? Of meces- 
sity, such a would heve to employ ‘art based on facts 


certain places and stated that there were individual characteristics and inten 
to be observed; but except for a certain directional U similarity there was nothing 
strikingly individuelistic 4 in these characteristics, Now, and probably fora 
a long time in the future, engineers must be empirical in judging the earthquake ee % 
to be ansumed in design. to ott 
_ As to the influence of the foundations on the motion of the structure, , 


— Biot clearly states the complexity of the problem (see heading x 
.—Influence of Foundation on Motion of Blocks”): it involves a 


and reflection by objects built on the surface.” :'This undoubtedly is true am ¥ 
indoubtedly presents an obstacle to “science.” It is stated that Eq. eS: 
implies the knowledge of the elastic constants E and yu of the soil but that aie 
“These are obtainable from tests made by M. Ishimoto.and K. lida.’ This 
a is a happy solution of the difficulty: See what Messrs. Ishimoto and lida. give 2 
for these values. Nevertheless, it is to be noted in their quoted findings that — 


4 a change of moisture content of silty clay from 42% to 50%—that i is, a change a 
_of 8%—changes E from 792 lb per sq in. to 5,750 lb per sqin. Who is to axed 
whether what he terms silty clay is the same as the silty clay defined by Messrs. x 


__ Ishimoto and lida, or what the moisture content of that silty clay may be 
when a foundation is subjected to an earthquake? — Again, what manner of 
edrock underlies the silty clay? Those who have driven the highways’ of 
‘Southern California and looked upon the confused, contorted, heterogeneous # 3 
Geologic structure revealed in cuts and excavations must feel mistrust and 
“misgivings in whatever ‘assumptions ; they may make as to the values of E 


possible measurements, past and ening existing 
structures to assume values fairly spproximate to those that will develop. 


With values of T decided on, with y what spectrum shall they then be ‘used? 
‘Apparently there is only a very limited number in existence. Ki ig. 6 is a 
“standard” spectrum of two earthquakes  only—that of ‘Helena, Mont., 
October 31, 1935, ‘and the Ferndale ear arthquake of September 11, 1938. It 
=) shows that a natural period of 0.5 sec gives an n acceleration of 0.4 g; a natural mae 
a period of 1.0 sec gives an acceleration of 0.2 2g. I From the text one learns (sce 
heading “TIT —Spectrum Related to Design and Actual Behavior of Struc- 
that “The differences [in the behavior of buildings of different periods) 
are not as great. as the spectrums would indicate. “Science” 
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frame building in that bee was under construction in 1922 when a con- 
ae a that time, it was felt that the building needed stiffening. Consequently, ia AY 
number of panels of diagonal bracing were introduced, extending from base- 
— 2 ment to roof, and these were covered with metal lath and plaster. — ‘When the a 
great earthquake of September 1, 1923, occurred, these bracing panels were Pp 
 Joaded terrifically at the outset and either stretched amazingly or ruptured. | 
ptured, 
The natural period of the building then reverted to its original value. r 
number of different people who were in the building told the writer that they —| ’ 
did not enjoy the experience. Partitions were cracked and shattered, marble 
trim in the corridors loosened and fell, and pendant lighting fixtures swung 
any: ent violently that their reflectors knocked plaster off the ceilings. a After it was all es her 
over the owners—perhaps not scientifically, yet empirically—rebuilt the ex- 
terior and interior walls and introduced bracing walls, for the definite purpose 
of making the building stiff—that is, giving it a low natural period of vibration. a 
‘States well-known advertisement: “Ask the man who owns one. 
— __TIt must not be thought that making a building stiff will prevent an earth- ae t 
ae cere quake: from being felt in it. . On the contrary, whatever movement occurs at c 
~ Be: the foundations will be transmitted with little damping to the roof, and the Bete ES § 
-building’s contents will be shifted and perhaps thrown to the floor quite as 
ia 
if they stood upon the ground. On the other hand, after the earthquake hes 
passed, a well-designed, rigid- -type building will be found very satisfactory to t 
— all concerned. It may be added that all the comment made herein is limited ee = . 0 
buildings of moderate height. As to skyscrapers, the writer has no knowl- 
mee edge other than that such buildings successfully passed through the San 7 | 
Awe Francisco, Calif, earthquake of 1906.0 


; 


— 
q 
refined engineering _ The severe which have repeatedly 

curred i in the past have not resulted from failure to design for this or that 
value of shearing stresses in the structures involved but from completely 
ignoring earthquakes and all horizontal forces they entail. A definite ob- 
served deficiency | in present: design or proof that current practise is 
rantedly too severe should constitute the basis of change | and progress. 
oe" _ There is a widespread feeling among American engineers that some specia “s ee, 
Bi 4 virtue is imparted to the solution of highly complex, not to mention uncertain ane 
unknow able, problems by going through mathematical processes inreach- 1 
ing a decision regarding them. They prefer to assume E and and all the a 
various other variables that may be involved and to “figure” themselves to 
i wa an answer rather t than to accumulate empirical data and proceed simply and 
‘directly from them. There is much to be said for the mathematical process, = 1 
but it contributes no more truth, no more science, than is mad ts basic : 


There is a further matter of engineering seismology to be considered, as 
well as the matter of intensity of stresses, which can be modified and altered 
 bychange of sections. This is the matter of greater deformations that accom- — gi 

— 


oN 
ass The: wr ter would conclude with the word the la 
solution of the problems herein considered are knowable, 
no theoretical approach was deemed advisable.” = 
Ronert E. Esq.—The author develops a method of using 
B gous pendulum t to determine the amount o! of resonance to be expected when 
a structure of known frequency is subjected to an earthquake. This ingenious 
Og procedure makes use of an accelerometer record obtained during the quake. 


torsion pendulum operation bi based on a the use of a a displacement curve, 
rived by double integration of an accelerometer 1 record, has been used by the 
parison of results obtained by the TABLE 5.—CoMPARISON OF 
two ‘methods is shown in Table 5, BRATION RESULTS 
gomponent of the Helena quake of 


October 31, 1935. (th 9 period (see) 


The slight differences are 
due to the choice of values 


& 


“are generally arranged te be Scaled from author’s spectrum curve Based 
motion by: a starter, which responds on an integration made by the U. 8. Coast and 


ae. lost, and there is, , therefore, some room for exercise of judgment when the 

values of these constants must be selected. _ The results obtained by the ise” 


Bror,* Ese. Rich presents an application of the operational 


derived by) the writer avoids the computation of the actual | motion a: and makes a ‘< 
possible: the direct evaluation of the maximum stress by the | use of a standard- e & 
zed spectrum. However, the operational method can be used, as such, in : 
combination with the spectrum, as a convenient way of the effective- 


‘location in the structure. The operational method is useful in 


_ Transactions, Am. Soc. C. E., Vol. 100 (1935), p.984. 
ie Senior Engr., Bureau of Reclamation, U. 8. Dept. of the Interior, Denver, Colo. nS Ar. Sees 

_ § Research Associate in Aeronautics, California Inst. of Technology, Pasadena, Calif.; Asst. Prof. of 

Mechanics, Physics Dept., Columbia Univ. leave of absence). leat ot 
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iim 
— 
computing the displacement curve. 983 | 0190 
— 
y — 
— 
— 
eee ts essentially of a transient character, it is natural to apply the methods i= 
Specifically designed for the treatment of such phenomena. However, the 
— 
— 
> 
| 


Y 
the to simplified as shown in examples 
- pet forth by Mr. Rich. The latter method acquires special value if a great Se 
ee number of cases are solved and if general principles are uncovered a8 to the a 
ve be ehavior of structures under earth 


- show the influence of the friction on the oscillator ‘Tesponse. Iti is interesting 
85 adie 
1 to note the experimental fact that the response is very sensitive to changes 


in friction when the latter is small. It is probable that the differences i i- in 
peak spectrum accelerations between the Stanford results and those of the 
2 4 writer are partly due to errors on the small-period components o! of the ‘dieplacs- 
a 


ee ment cam. ie ‘The } question of the possible accumulation of the stresses i in each 
mode e by the simultaneous occurrence of ‘their maximum values at a given 
point is well worth investigating conservative estimate can be. made 
theoretically by adding the maximum mode at 
various locations in the structure. 
stressed | by "Professor W White, the iden of an automatic to 
numerical work in evaluating the response of structure is not new. 
In the writer's earlier work in 1932, the mathematical groundwork was laid for 
showing the possibility o of using ‘the accelerogram directly without the | process 
of evaluating the displacement. _ An electric model was suggested, of which 
the ‘present torsional pendulum is the mechanical analogue. oan 
4 model has been developed by Arthur C. Ruge, Assoc. M. Am. Soc.'C. E., at 
‘Massachusetts Institute of Technology i in Cambridge, Mass. x 


sach 


nature of the peaks ir in the spectrum. _ The writer called attention to the lack te 


bes of correlation between the peaks in the two Ferndale earthquakes, (B) and (C), 


ree 


Nee as supporting evidence that these peaks are not characteristic of the location 
Lig It is possible that some peaks might be characteristic of the location, or of | . 
8 group of buildings, and that these would stand out particularly in earthquakes i 
of small intensity where the effects of resonance seem to be more acute. More id 
: probably the hatched appearance of the spectrum is due to random transients 
superposed on a basic periodicity distribution. _ Professor White makes th 
‘that the whip effect, although less. also appears i 
structures that are not necessarily tapered. He also suggests the applicatio 
a of the present results to the effect of explosions and projectile impact on 
"¥ a structures. The writer wishes to mention another possible application— 
the dynamic effect of f wind on str structures by introdueing the 
spectrum of atmospheric turbulence. Gor alt Adie 
‘Mr. Heck ‘mentions importance attached ‘by the U. 8. Coast 


range of earthquakes. The results already accomplished i in ‘direction 


ee Mr. Neumann rightly warns against using a particular spectrum as a 
basis for final standardization. The writer” uses the ‘standardized Helens 
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‘securate than am more intricate ‘electrical apparatus. 
the spectrum ¢ curves could. be duplicated ‘closely i in n spite of the crude 
of the analyzer and the use of records. 


tests on actual foundations made by Mr. Barkan.'* The magnitude of 
ture and soil damping is a factor left to future ‘experimental investigation. _ 
| The methods of the | paper are a applicable if it is desired to introduce the effect f 
of this damping on the amplitudes of oscillation. However, in seeking to 
establish experimental data, i it will be well to keep i in sil the vibrator 
“ iteelf can have a considerable effect on the properties of the 4 ‘Bs 


ratio of the spettrum. to the maximum m acceleration i is the 

ae order. The spectrum of the March 10, 1933, earthquake shows relatively 

equivalent accelerations (of the order of 20% gravity) for the large 
Mr. Housner presents an of the writer's formula 


| 


_ by an oscillator depends only on the intensity of the impulse ‘spectrum for = 
his particular frequency. ie This theorem forms t 


esoteric art of earthquake-proof by eenteibuting the statement: 
after the earthquake has passed, a well-designed, rigid-type 
. a) building will be found very satisfactory to all concerned. * * * As to | 
skyscrapers, the writer has no knowledge other than that such buildings — i 
successfully passed through the San C earthquake of 


spectrum merely as an examp s to be corr 
ei. ae both in intensity and frequency to the distance of the epicenter. As stat ia 
Ber 
* 
— 
By. 
vibrating soil. As stated by the writer, the treatment of a foundation 
— 
— 
e: ae bearing pressure than that used by the writer, and the rocking periods in this _— 
/ ease are relatively short. Taking into account the possibility of t e 
ate ne being considerably more spongy than assumed in the computations, it ‘a 
concluded that the effect of the foundation is important or not, dey 
the magnitude of such factors as soil elasticity, foundation size, and 
ee ) 2 and rigidity of the building. It would seem, however, that in the a — 
or chimneys the rocking effect should be preponderant. In re 
the relations between acoustics and engineering seismology, a theorem‘ was 
— 
and justihes the use of the spectrum. 
» | Mr. Hadley’s pimented discussion is enjoyable reading. His argument ii 
- 9 feduces to a confession of man’s total ignorance of the subject, and the defeatist —  - 
Viewpoint that nothing can be done about it ‘Now, and probably for a 
— 
@ 
— 
y 
de a f 
2 __ “Acoustic Spectrum of an Elastic Body Submitted to a Shock,” by M. A. Biot, Journal, Acoustical 
of America, Vol. V, January, 1934, p. 207, 


‘This, said doctor; is a potion; it makes you 


. contains a soporiferous virtue. It has been the writer's experience that ; 
ae feeling of uneasiness usually develops when proselytes of the empirical method 
are brought in contact with symbols such as £ and uy, even if they do not 
_Tepresent an essential part of the argument. This is entirely unfortunate and 
unjustified, as there is no fundamental conflict between empiricism and science. 
ee _ Mr. Hadley’s objections might well have been raised three hundred years ago ae Ss 
against the basic principles of Newtonian mechanics with their abstract and 
elusive concepts of forceeand mass. 
—a Glover's results are in good agreement with those of the writer. . They” fe 
re point to the comforting fact that satisfactory duplication of Re is possible 4 


- Be In conclusion, , the writer wishes to thank all those who have taken time to Bi 


contribute to to present d their constructive 
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| SEWER 


results from models of side- storm sewer inlets 
to the design of full-size prototypes. The method is applied to design in “9; 

a single case, the development a nd presentation of design data for various other 
slopes, and dimensions being reserved for the future. 


eh oh An equation was nibes sought and obtained describing the portion of the flow 

4 entering the it inlet in 1 terms of Froude’ 8 and Reynolds’ numbers and the moment — , 

of pressure and moment of momentum, development of the form of the 
er. equation ' was facilitated by an analytical d determination of boundary conditions — 


corresponding to infinite and zero approach velocity. 
Total differentiation yielded an caprension i in which number has 


ie of fpsronts and the use of flow-distribution relationships yielded a 


‘selected, the of the coefficient of viscosity being = : 


“the channel upstream from the inlet were discovered. 
Notation.—The letter symbols: in this paper are where they first 


to 


CAN SOCIETY OF CIVIL ENGINEERS = 
| TRANSACTIONS 
| 
— 
i= 
— 
im 
— 
a ei type, but the small depths of flow in the model suggest that the effect of vis a _ 
eosity is also important. Lateral deflection of the flow is an 
— 
— 
— 
‘Nors.—Published in March, 1942, Proceedings, 


ort 


; a The action of | prototypes can often be predicted from the observed operation _ tes 
of models together with the application of a single law of similarity, such ag 
aie tp _ that of Froude or Reynolds. In other ins instances, such as in in open-channel flow Ss 


and ship-model work, no single law can be considered as as being exclusively 
The present case deals with the of a technique for applying to 
the design of prototypes. the experimental results from 1 #y-scale models of side- 
opening storm-sewer inlets of a type shown in Fig. 1. Flow approaching the 
; a inlets is turbulent and gravity is the principal force; Froude’s law evidently i ig tc: Re 
x important. ol On the other hand, depths of flow in the ‘model varied f from i i 


| 
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ni 


(a) PLAN SECTION AT CENTER 


~ 
aT 


ty, 


to 4(-00313 e(= 0.0425)- 


would exist as to the validity of results in which the effect of Reynolds’ number -.. va 

: a had been ignored. . Flow approaching the inlets (except on streets with slopes ¥ 
oH flatter than about 0.005 ft per ft) is further characterized as s being of the a 
shooting type (velocity i is greater than wave velocity). The flow, moreover, 

i is wide in relation to depth and undergoes a lateral deflection in entering the - 
inlet; a change of angular momentum is involved. 
The development of technique described in this the 
Ss data necessary. Development of the remaining experimental data covering a ‘ 

_ range of shapes of depression, slopes of street. » lengths of inlet, etc., remains for 

the future. data utilised include « only cases involving “free flow” at 


| 


4 in. at the curb to film thickness at the outer edge of the stream; serious doubts = 
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— stab” \ Normal Street) L.“\Normal Streets Rick 
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(6) Considersble Backwater Effect 


_Views or Su 


Ae 


Sas a when a backwater wave extends upstream of the lower end of the inlet. Fig.2_ = 
ia a shows two views of actual ‘full-size inlets. The inlet in Fig. 2(a) has no local 


lower end of the inlet has a than wave velocity, 


as a Free flow is differentiated from “backwater effect,’ ” 9 condition that ‘occurs 


3 ‘There small the inlet, and no 


siderable backwater effect is evident. Fig. 
various stages of backwater effect. or exampic, Te: 3(a) i is a view 
eu! i diagonally downstream toward the inlet. _ The approach flume is in the fore- _ 


= ground, and the « overflow notch is. directly below the hammer. Fig. 30) 
represents flow conditions for a heavy backwater effect; and the limiting con- 
* 


ditions for backwater effect, with the wave at the lower end of the inlet, are 
shown i in Fig. 3). When the | backwater wave occurs downstream from Pe int 
inlet, its effect misses the inlet, as shown in Fig. 3(d). a 
ae fre _ The local depression or approach apron adjacent to the inlet is of a type : 
on a basis of experiments made in 1926and 19272 = 


oe Under the wide variety of conditions encountered in practice the accumula 


a ae ion of a number of isolated full-size measurements of capacity is practically te 


_ 


worthless, and the advantage of a small model must be evident. recent- 
ness of the development of model experimental technique, no ‘doubt, vege 
te in part, for the fact that no satisfactory solution of the problem (so far as is ae 
_ known) has been obtained heretofore. With an estimated $50,000,000* to be 
Ez for storm drains in the vicinity of the City of Los Angeles, Calif., alone 
a a period of years, the economic importance of the problem i is ‘apparent. 


_ Moreover, a reexamination of the designs of existing installations probably a 


‘The principal ‘apparatus consisted ofa a tilting framework variae 
tions of slope from zero to 10%) a tank, an approach flume, = 


a 36 ft wide, having a owe. height of 0.45 ft. A false prevented 
water from m spilling out: of the flume at the ‘crown side. ‘The equation of “4 


ai wallboard of glazed finish, which was adien to templates cut to the proper 2 
section. whole was waterproof with spar varnish. Adjustments, 


pix 2 See “Increasing Stormwater Inlet Capacity by Improved Gutter | 


G. 8. Tapley, Engineering News-Record, July 9, 1931, pp. 54-56. 
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in Fig. 1. 10ftlong. (This length 
latter are shown in Fig. 1. The approach flume was 
— cs was sufficient to insure “developed” flow at the depression as evidenced by a “i 
a 
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ica 


a 
warp in e flume, were made by means of the adjusting screws and q 


ae wedes supporting the flume on the framework. Local adjustments in the 


bs ‘slab was ‘supported « on three adju: 


; ‘that of the Saino, when necessary, thus varying the approach velocity i in = 
‘The slab contained the orifices for gages A, B, 


..- was s chipped off and rebuilt when models of different length were installed, 5 ay 
4 Gage E, , Fig. 1, in such cases. ses was also moved to keep the standard distance _ 
from the endboard. All eer were kept smooth and watertight with a mixture j 


| The other slab slab forming the pavement of the lower end of the apparatus was 


This slab wi was supported on 


lower end of the inlet. (The crown elevation is 0.0113 ft higher than 
normal elevation, which corresponds to an actual street with its curb face 8 in. - 
es Ps normally and 4 in. at the center of the curb return. ) For the present case—free + : 


the inlet. Indeed, the: contour i in 1 that region has has little influence on flow 
the inlet even in case of backwater effect, the Principal : factor then beng » 
; én Depth, gages A, B, C E, F, and G, Fig. 1, consisted of copper ain HH 
ia inside diameter, whose orifice ends were carefully set flush with the surface of Mg Ee 
ie wd the concrete, and which were connected to stilling wells where the water surface 
ont elevations were read by means of a point gage. The zero-flow readings of the 
ee rf. gages were obtained by wiping water from the orifices until the menisci were be 
e, perfectly flat, thus avoiding the effect of surface tension. Usually an average e 
Sil ne re of at least three readings of the zero po ints during a day’s run was obtained. | | 2 
Total flow, Q:, approaching the inlet was measured by means of an orifice 
a oo meter calibrated by weighing. The excess flow, Q,., or flow passing the inlet ie 
was measured | byt means of a 15° V-notch weir (also calibrated by and 
Data on horizontal Q-distribution were obtained in a separate series 
af: experiments by intercepting the flow i w in the normal channel between ¢ thin ver- 
ie - tical vanes set 2 in. . apart (except near the crown where the spacing was s wider) RY a 
rg and volumetrically measuring the flow between each pair of vanes over a given 


time interval. The depths mecessary for veloc? from the dis- 
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— ae Sate The pavement of the lower end of the apparatus which contained the 

usting screws attached to the _ 

— 

= 

adjusting screws attached by brackets to the L-slab. he siab was so formed 

i | 
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| I 
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e procedure for leveling the apparatus was first to set the flume by means 

of, pper and lower ends of the flume, then carefullyto t 

ximate agreement with the flume. The nextstep 


| 
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as to » adjust the of the s0 that the joint was flush, ‘ignoring 
he small departure from the lower flume marks. i Adjustments in leveling 
the concrete were made until the difference in elevation between gages A and D, . 
and] between D and H, » WAS | correct, to to within 0.001 ft. This quantity was used s 
as & criterion for acceptable accuracy model and lower end of 
ss Readings of the gages were taken at a pawn of sufficient length to 
3 insure the existence of steady conditions, the weir being the controlling factor. 


i Five minutes between weir readings was found to be a satisfactory interval. 

+ The maximum total flow in each set of readings was about 0.1 cu ft per sec, ; 
i poe’ the minimum about 0. 02 cu ft per sec. | ‘The usual procedure was to turn At ea 
on a flow of about 0.12 cu ft per sec for about 51 min, decrease the flow to about 
0.10 cu ft per sec, wait for 2. 5 min, locate the valley wave (a wave near the | 
en read the or orifice meter, read gages A, B, C, D, and E, and last, read the Es 


weir gage. Flow was then n decreased in 6 or 8 stages at 5-min intetvals to the 


erage discharge. By this procedure the uneven effect of capillarity an ao. ‘8 


surface tension on previously unwetted surfaces was avoided. 
For a fixed depth, ‘do, and a known flow distribution in the channel upstream oe 


pressure, ,and U is the moment of momentum per or angular 
7 second, at the approach section, taking moments about the curb, corre- _ 

sponding to a filament of flow within a distance z; from the curb. Sean ee 2! 
The nature of K may be purely “distributional, ” or without regard to inlet a 

flow; or it may be “gravitational,” in which case the outer boundary of the sis 
 Sisueee of flow included coincides with the outer boundary of the inlet flow. 


ze r In the latter case it must ye evident that the value of K will depend upon the 
- forces that act on the fluid as it passes from the approach section to the inlet 


lip. These forces may be described by means of a function of es 8 and 


2), the average velocity of the water particles: within a 


we 


"distance the curb; = momentum per second; p = mass per cubic foot; 
en and h is the fall of the ‘water i in passing from the approach section to the inlet AR. 
approach section was located 0.0625 ft upstream. from the local de- 


channel. , _ Depths were ) measured at a section 0.125 ft upstream from the de 


that of the model or the depth j in the eciaioa flume was g greater than critical 1 
depth a small error in his ) | procedure 


| 
— 
— 
— | 
— 
— 
| 
— 
— 
— 
— 
— 
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(4b) 


which i is the number representing that of h to the slope of 


‘Variations in the ratio Ao cause | changes in the the 

TABLE 1. Data Requinep FOR AN 


(The Approach Depth a» = 0.0460; and Area = 0.0298) 


( 


ere 


LonarrupinaL Stops, By, or APPROACH Fuume: 


0.0313 | 0.0313 | 0.0313 | 00 | 0.00% 
0.1001 | 0.1001 | 0.1001 | 0.0688 | 0.1313 
0.0835 | 0.0487 | 0.0236 
0.0228 | 0.0126 | 0.0377 
0076 | oo72 | 025 by 
XK 2 0.129 | 0.122 | 04265 
0.01130 0.00375 | 0.00375 U 
581 | 263 | 1491 
0.172 | 0.3797 | 0.703 
0.00043 | 0. | 0.00312 
100 | 927 
0.01254 | 0.00375 | 0.03472 
0.0343 | 0.1040 | 0.0800 
(29,970) | (13,070) | (24,150) 
.199 0.274 0.128 
0.0397 | 0.0401 | 0.0273 
0.0343 | 0.111 |, 0.0731 
0415 | 0616 0838 
0.0712 0.233 0.589 
0.0297 | 0.144 | 0494 — 
0.1985 0.292 | 0.1061 
0.0835 0.0497 | 0.0236 


— 

— 

— 

— 
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rect 


: 
— 
gpproac 
ly _ the d desired range of values -- the ratio in a series of steps, each step of which 


te: Moreover, ¢, is constant so long : as S, z, and / are constant. When, also, 


is: 


* 


Flow Q,,in Cu Ft per Sec 
4. anp Discuarcs Data 
DATA 


by varying d or ao the relative roughness v varies t itself i is 


+ 
in ‘product form, 


canno 


he data for an of flow at the 


— 
— 
im 
a ghness protuberances was not vari Toa 
ase anniv to a ot varied in the - 
4 
3 
| 
Simpler form, since (in the absence 
1e forms of — 
— 


alues of Q; in the table were from Fig. 4 which represents the the aver- 
aged result of a large number of of depth, observations. The averaging 


18:37 12:36 1:19 a7 
8 1837 1:38 to 2:26 
© 3.2537 11:37 to.12:05 
57 | , 
4=0.0625 — 
23:37 1202 to 12:54 


Qe 


ight B Backwater Effect 
for Entire Range 


me 


2 
—4 


Values of 


: 


plit Wave at Lower 


— 002 02 from Figure Se 


0020.03 0.04 "0.05 0.06 0.07 0.08 0.09 


wie Q: data was made necessary by the considerable dispersion | of values. 


. the averaging process @ Cross slope of the water surface, which seemed to 


eliminated, and the resulting surface was made transversely level. The 
sistency of relationships described subsequently indicates. acceptable a accuracy 


> 


— 
 - 
— 
— 
— 
| 
| 
— 


hn existed in the cases: d = 0. 0313, 0.01; and d= 0.0625, 
E. S; = 0.02. The process of obtaining the average depths in Fig. 4 is described - 

ina comprehensive manuscript ent entitled ‘‘Depth and Distribution Data for Flow 

in Model Street,” by the writer. This naercorney with su supporting experimental 

. data, has been placed on file in the Engineering Societies Library. ‘ The 
a latter ‘manuscript also contains the derivation of the distribution of Q/Q, (Fig. - 

6) and hydrodynamic quantities shown in Figs.7,8,16,and17,0 a 
Values: of Q, in | Table 1 may be taken from Fig. 5(a), representing & con- 
stant value of S, and three values of d, ‘and from Fig. 5(b), 2 representing a a 

F ae constant value of d and various values of Sy selected to vary the approach 
velocity. The slope, S, of the model itself ¥ was held constant t for t the present — 

set of data. The small dispersion of data 1 representing the several separate — 

j settings of the apparatus indicated by the different symbols along the curve 
— Be for rd = 0.0313 in Fig. 5(a) indicates the good consistency which was character- 
istic of such data. The apparatus was set ata large number of different slopes 
; nd adjustments in the period between the two extreme dates given in Fig. 5(a). 


Values of Q, the inlet flow, were 
om those of Q:. Values of ~ 
1 represent gravitational quantities m8 


‘Fig. 6 shows 


of the re ratio for abscissas. oe 


of — is constant for all values 


“of ut to within small! limit of 
It is also true that —is rarer for constant values of a. 


constant for a given value of 


— 
‘ity 
| 
— 
— 
| 
| 
— 
— 
ol — 
4 
— 
43 
[lilt] 
working up data for the fig 
‘ae 


SEWER INLETS 


consistency found in the ratio ~ for different values of and 


obtained by the ‘process ‘sentioned. The fact that the of the 
pe ratio is known for all values of Q;, and hence for Q: = 1.000, makes ‘it possible a 
to use single set of distributional curves in calculations. aly 1 adeb 
Designating by the subscript 1 quantities corresponding to = 1. 000, it 
will be shown that the required quantities G and U can be expressed in terms a ea 
of G, and U,, respectively, and Q,. It is convenient to sane, at this point 


in 


ee a is the depth at that point, and 2; is the distance from the curb to the e 4 
wS outer boundary of the filament of flow considered. ui (Actually v represents the e . 

apparent average velocity in a vertical line and not the velocity at a point. 

~The integral—Eq. 8—therefore does not strictly represent the momentum of 
all the particles. ri Y was deemed to be permissible t to ignore vertical variation — 
- velocity. ) The value of zi corresponds to the outer boundary of the inlet 


Tefers to to any desired in | the channel. Continuing with dis- 


ae 


vadz 


‘ 


65, 


Ahi 


— 

= 
4 

— 

=- 

— 

— 
— 


7516 


differential of discharge can be written 
peat). 


Q 


in in which the the quantity 
4 


{ The of v in Eq. 12b can be a process that i is 
2. theoretically exact. The accuracy of the result depends only on the accuracy — ‘Bes i) 
a of the data and the accuracy with which the slopes of the graph c can be called. ae 
ne Therefore, the method does not involve the systematic error which results is: 


; when, for example, it is assumed that the ‘Walosity at the midpoint botwpen = 


< 


(since Q: i is ‘not a function of and canceling a, the result i is” 


bat 


@\ 


> 
— 
increment of discharge divided by the increment of area between the vanes. 
theintegral 
— 
‘Ba. 12. whan 0. = 1.000. 
By Eq. 12b, when = 1.000, 


x were scaled f a curve similar all 
ve plotting values of 
4 


of are represented by the in 6, and, usin 


the of G; from Fig. values of 5; are obtainable dividing G; by p 
ond are in Wig. of Pi in Fig. | 8 were likewise obtained by 


the areas under the graph of z a as a of z. tn of 
From the values of in Table 1 and the graphs i s in 
to 8, the other erevitational data for beginning analysis can be 


| 


| 
— | 
00 inde. off bue af 

P a 
| 
| 
3 tk 
#2 


Form of the clea of F. —Since the phenomenon of flow into an inlet j i 


"principally gravitational in character, and since the flow is turbulent rather 


‘Fra. or OF = 0.0460) 


“032 


OA 08 12 16 20 24° 

Fria. Vaturs or K, FOR = 0.0460 anp d = 0.0313 


n Eq. 6b, should vary principally with F, and to a 


a 
ta 
im 
10° lado dent 
At 
extent with R. The uepenue = 


= Mh Fig. 9. _ Various flow relationships are shown i in Fig. 10 and, in Fig. 11 1, 


“is is shown as as a function of F, and of ( 4) As 


F F 


F represents, the | principal force relationship 


simple are rational, because the exponents | of ‘velocities involved 


aa ‘must represent physical quar quantities s such as energies, | momentums, ete. More- 


40 
3 es 


t irom Fig. 11 tf nly 
— 
| 
Af 
— _ 
— = 
— Varies, because the left-hand 
ee P. Steinmets, MeGraw-Hill Book Co., Ine. 1917, p. 218. 


When zero, », Qe (the flow i in the approach section between the curb 
the crown) approaches zero. As the 1 velocity, 3, of flow entering the inlet 
epraem, the corresponding value of 2; increases. If the maximum value of ¥. 


Val 


proaches sero while the daintesnind is finite. In this case, K, the left-hand 
member of Eq. 19, also approaches eens so ) that the form of this equation i is ae = 

_ Theoretically, can increase to greater than. those of if the crown 
fe. board is removed and the channel is extended laterally at crown ate 
Since the depth in the extended part is cvastant (= a,), the 

; become practically constont and equal to », a short distance beyond the 
The values. of the integrals in 21 become infinite so that 


This can evaluated by differentiat- 

am ing: ander the integral signs. (Each of the integrals i is a function of 2;, its wpe 


athe 


eoneidered ase variable, Moreover, z can be substituted for z; so that, 


ed _ By Bos Of and and member 
yndmember isthe 
“fe 
— 
43 

‘ty 
3 
— 
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2 


when Q, =0. In case, therefore, K becomes infinite as 
‘mi ae zero (Fa )i for the time being it can be assumed that the _ 


form of function of F in Eq. 19 is cokrest.. 

- Form of Function of R.—The form of function of R can now w be stodied ae 


vi 


investigating the variation of K F with: respect to R,since,by Eq. 19, 


Saini sil) ie = f(R).. 


is _ It ean be shown at once that . function of R is not of power form, such as — 


when = 0, as in the “p fiuid 


any positive value of n—a manifest incongruity. _ Negative 

yield the equally absurd rélationship K = 0 when 


MAS 


tc 


de\* 
dz 


at dz 


Hence K Fis independent of Q:, a fact also by experi- 
26,ifvisuniform, 


— 496 
— 
in 
(va 
fo 
— 
<3 
— 
ytical invesfigation of the limiting values of the d 
— 
— 


Sag ed In Eq. 27, if the depth i is constant ( ay then K F has the ¢ constant + 


“value tora all of; Zi. te » r if 10) 881.0 A oiler om 


On the ot 


in Eq. 26, decreases as the approach velocity i increases, and when sapproache 


zero ‘s F takes o on a the indeterminate form: K F = 


In lik manner, when zero, OF 2; infinity, a ap- 


a,, and KF takes on the form: K 


Again, by differentiation and substitution, whenR=0, 


Eqs. 28 and 29 furnish »menting th 


the cross section and in the two cases representing mig Hep values. of approach | 
‘velocity K takes on the form of a Froude number: B 


aad, by Eq. 20, with 


pre; 
= 


4 


Derivation of the —For ‘the case being i 
dy = 0.0460, a, = 0.0035, and A = 0.1001. ‘Substituting these values in 
Eq. 28 and Eq. 29, thereresults: Fore;=0, |} = 


fol x x 0. 1001 


eb s a weighted or average value of a, and this value depends ay oe a 
- 
— 
— 
in 


— 


io 


Moreover, it was observed i in developing distribution curves that KI F we wal 
yy: constant value KF, = 0.133 for all values of Q;. These values are plotted, tf 


gether with the four experimental ones, in Fig. 12. From the —T of or 


R+4510 


Symbol S 


20 


0 


12. F as 4 Forction or R (as = 0.0460; d = 
‘curve cate the physical fact that K F must approach a constant value ws 
- ically when R approaches infinity, it is suggested that an hyperbola should fit | a 
the data. It may be a mere coincidence that the value of K; F; falls on the 3 
_ graph at a point on a line which bisects the angle between the asymptotes. a 


The three-constant form of the equation for an can be 


A 
in which Ry, and Ky are the Co is a constant of the hyper- 


By Eqs. 29 and 326, when R - 


one constant, Ro, remains’ be any one of the experi- 


sve 


—— 
— 
— 3 

— | 
— | 
a 
¥ 
4 
— 
— 
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wet t will provide c data by m means of 1 which the 


are in 2. in the 


row in the table represent the values of K R fo 


TABLE 2.— =0.0313 


05 |-05a.) (Jot | —Re 


11,810 . -175 | +38 
18,030 
24,040 
29,970 


. 


8; = 0.02 and 0.04. These tro sets are believed to be the most RE 


Hence, the value Ry = — 4,510 will be considered satisfactory. By Eq. 33 a : 


(since Y, = = 0. 425), Co = — 0.5 X 0.425 (— 4,510) = + 958. 
‘The equation representing a) = 0.0460, d = 0.0313 is then, _ by Eq. a 
3 The ‘check computations i in Table 3 are ‘obtained by insert 
3.—CoMPUTATIONS TO Cueck Ea. 3500 


Discrepancy 
+4510" 
= 0.1965 | +0.0005 $0.25 


13 


values of Rit in Ba. 35. Thus, in all « cases the values of K F from 
35 


ia 
1b) 4 
ab 

arm -450 

7 | @ | @ 
“Aver., 8; = 0.01, 0.02, 0.04006 | .... | .... | 4605] .... Af Lic aditsaul 
hee | 0.1925 | 21,085 | —0.0875 | —700 | +0.1750| —4,510 | * Averages for Sy = 0.02 and 0.04 
| 
| 


of values of K F yields less than 6% for the first three slopes and ae than 12% 
aN for S; = 0.06, In the last case the value of 2; represents a distance less than 


a re _ that between the eurb and the first vane by which the flow distribution pal 

Aa 


<0 


— 


The Function When D Varies —It can now finally be demonstrated that 
= mel form of function of F in Eq. 19 is consistent when D (and, therefore, h) varies, 

ali stiles ‘silt ad ob oF . $0.0 fiia 80.0 = 


 aog Ago — ae Vo 


n Eq. 39, ‘aiadies not. appear in aie al member, ‘ands since, by Eq. 21, 


Parameters.— "In E Eq. 360, and Ro are parameters whose values 
depend upon shape factors. ‘The physical meaning of this equation is made 
4 Ae more apparent when it is noted that, for high values of R (high velocities and 

small widths of inlet flow), K depends principally upon Ao; whereas, for lower Fe) 
of R (lower velocities and wider filaments of flow), K depends to 


an increased extent upon Y, and Ro. to aie, 80,4 aa 


4 
ci 
| 
— a: 
— 
Bee 
A 
4 
— — 
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The values of Ao and Y, depend upon the of approach 
4 is constant). When that shape is constant, other form factors such as length a 
of inlet, width of depression, etc., govern the value of Ro. K willbe 
especially affected by ‘Variations of the latter form 


0.000 | 0.334 | 0.0254 | 0.274. 0. — 0.249 
0.1313 | 0. 0.175 | 0.0133 | 0.128 5 ; 1,185 | 0.115 


Values of Ro for D =0. 000 and D 476.— ~The values of Ro in Table 
were obtained by substituting experimental data in Eq. 34. reletion- 


ships b between n Ro, I D, d, and f(D) are shown in —_r 


a 


8 


03 04 05 06 OF 


Sa 


Fia. 13. —EXPERIMENTAL Locus or K as a Function or F anp R ae aeedst i 
ar Eqs. 36 escribe the experimental locus of Kk as a function of F and R. 1 


cus is shown in three coordinates i in Fig. 18. 


ily. 
the 
6) 
; 
the 
ie, 
. 
| 
wer 


expression by means of which the model results can be epplied toa full-s 
a of R can rae used which will 1 represent v viscous s conditions similar to those of a 
repre san) size and velocities this involves substituting a smaller 


ntal values of K are plotted as a function of = (solid graph) i in a 


om 


314. Iti is leben that the values of K in this figure represent the combined 
_ effect of F and R. This follows from the fact mat Gee FandR vary =e 


a 


4 Equation (45)»= 0493x108 
Values from Areas 


eLe 


= 


it 


__ independent variables F and R, both of which can be expressed in terms of a: 2 y 
‘The method pursued in the following involves obtaining an expression for the ae 
total a value of y lower than the value 


then 


be ee Ver 


a 
| 


+g 
Note by comparison with Eq. 36d that this equals ‘The M 
om Eq. 40b indicates the constancy of R (0, h, and » must have the model values a 


the subscript indicating that R, is regard to but i in other 


it must be consistent with the F. 


’ number ma may be expressed in terms of : in the: following m manner: 


, 41, and a, the 


2h* Ry — Ro aR, + B+ -C....(44 


zero in and the sum of the other two (A B) represents 
_ slope of the graph for an inviscid fluid. | Moreover, the sum of the two terms 
equals the partial derivative as given in Eq. |. 40, which, as before stated, equal 
v value of K F as s given by Eq. 36. 
es: _ With regard to the effects of viscosity, flow in the model is sinken to flow 
ina prototype when Reynolds’ number i is the same in both systems. . Eq. 44 


thus may be made to represent a prototype by values of 3 


a 
ed 
sly 
— 
‘ 
iii 
de 
tee 
— 
— 
— 


vay 


: 
‘The in integral can be be ‘evaluated by the area under graph of ‘the: 
ara obtain a value of v, the case representing S; = 0.02 is taken ; as an average “ie 
one. For, this. case, R = 18,030. Let it be assumed that the value of R for a 
ioe prototype is about 500,000. (The exact value is not important, because ee 
= ay rate of variation of K with R in the region of R = 500,000 is very small; iF 5 
Be R, could be considered infinite without great error. ‘The la last term in Eq. 45 


4 viscous effect.) total flow, 8 formula, i in a prototype 


* and values of (A and being constant) is given 
oh 


Fic. 15.—Vatuzs or ———~ CorRESPONDING TO » = 0.493 X 10- (ao = 0.0460) 


corres ondin to the value of » = 0.493 10-* are 


le 5 have b been in Fig. 18 for the four 


— 
— | 
— 
— 
4 
for: which Kutter’s coefficient of roughness is n = 0.013, is = a 
Cp (Rp = 3.40 X 79 (0.184 X 0.02) =163. = | 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
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ney the theoretioal limiting case, 
ve 


va 


= — 958; and Ry = — 4,510 


od} —| py — | Quantity} Quantity 
Ru Fu A "Re Re C, 


11,810) 1.038 | 1.761 | 0.357% | 0.362% | ~0.0587 | —0,00131 0.196 . F 0.1 

256¢ —0.0424 | —0.00094 | 0. 0.106 | 0.2 
24,040] 0.2688) 3.461 | 0.702% | 0.707% | 498¢ —0.0335 | —0.00068 | 0. 
29,970) 0.172 | 4.31 | 0.873» | 0.878% -770« —0.0278 — 


1.038. | 1.761 0. 449° | 0. 454 058 

0:5285) 2.468 | 0.629% | 0.6345 | —0.0424 | —0.00075 | 0.187 
0.2688) 3.461 | 0.883% | 0.888% —0.0335 | —0.00054 | 0.196 
0.172 4.31 1.00@ 1. 10% 480 .0278 00043 | 0.202 


(Fig = 0.1 40: and 0.385. Multiply by 1,000,000. 


For comparison, values of are also Table 6 together with 


experimental values K F and calculated values of 5 (Eq. 40b), 0 


@ = 0.493 2h 
4 x ed) served) 
0906 9 | 0.190 
196 ||_—s«0.196 10.1 
0.202 0.190 | 202 | 0. 0.199} 0. 0.0343 


3 


in which, — is a Froude number. he may be noted 


is 


a 
oft 

— 
— 

0.06 | 29,970 — — 

— 
ip «Multiply by 1,000,000,000 

— 

iii 

— 

— 


A 


practically equal that of —. Values of the total derivative, 


2h 


the actual value of are approximately 


ot for the lower values of 8, (greater 


In Fig. 15 a straight line sissniohs. with sufficient accuracy, the three Z 


points 0.01, 0. 02, and 0.04, but passes through neither the 

= 0.230 at 0, the other extreme, 


toe 0.0175) at 2 ©, >, obtainable from Eq. when = 0- 
Values of the integral Eq. 45 have been obtained acacia areas under the © 
dashed curve, Fig. 15. These are given in Table 7. 


TABLE or THE INTEGRAL, Eq. 45 


| 


be 
Des 


02 | 03 


0.0204 | 0.0197 | 0. . ; 0.0182 
0.0423 | 0.0620 | 0. . . 0.1370 | 0. 


of K, (= ZAK, from Table 7 are plotted i in ‘Fig. end for the 
Ye four experimental points their values are shown in Table 5, and in Table 6 — c 
x together with the experimental and calculated values of K. Values of K,F 
may be noted that except for the 0. 01, the of 
2 K, F are greater than the observed distributional values of K F. _ The explana- e e 
tion of this is that the values of the equations derived herein depend upon con- ee 
. = beyond the frictional effect of the curb. Such conditions have bene: 
‘ represented in the region of the curb by the broken line in Fig. 16. The matter — 
a == is not of practical importance since corresponding prototype values of 2; are 


he 


Ri) 


approach channels of model and prototype, let the ratio of flows 


be the same. (This. is in with the usual assumption of of model 


Assume, moreover, that for inlet flows ‘the total flows fallow 


Vatues 


ot 


— 
— 
— 
— — 
Ki 
— en 
— 
— 
q ‘ ~ 0 
BY 
— 
a 
— 


Design Example.— 


will enter an inlet 7 ft with a local 4i in. A 


a 


4 


ot KF 


ite - 


16. or KF ror or Q: a = 0. 1001) 
4 is 36 ft wide, with a crown height of 0.45 ft and a longitudinal slope of 2%. 


4 The total flow between the curb and the crown is 16.3 cu ft per see—the condi- a Me 
tions corresponding to the model. flow it in such a prototype, assuming 

.. Kutter’s n = 0.013, is probably actually greater than 16. 3, for the true mean ete ; 

ces depth is greater than an hydraulic radius determined by dividing the cross ee 


Tis is as By Eq. 47b, Qu = 0438. (Note 

the experimental value representing S; = 0.01 is Qiu = 0. 0436.) By Fig 


10, for this amount of total flo flow i in the yin the average velocity of the part ae ra 


en entering ng the inlet is 54 = 1.76; so ; so that: =1, 038. The 

value of » Tepresenting the prototype value of R with model dimensions and — 


velocity r now can be computed. t Since Froude’s number is the same i in model — 
prototype, and since hp = 1. - ("4 038 


“for yp = 18. 10- * (the experimental value for S; 
000. If Reynolds’ number ‘model dimensions velocities i is to 
equal this, v, “a = 0.392 2x 10-7, Values of for this value 


76. He 


im 
4 
. 
—— 


pie 


= 0.493 X 10-, the graph Fig. 14) i is for design 


3 


4 ae 1.088, Fig. 14 yields Ky = 0.179; 80 that Ky F = 0.172; 


Fig. 16: 0.217; = 0.140; and, by Fig. 6x =! 0.385. By 


coincidence the latter two are the experimental values for S i= 02. 
that geometrical with respect to the location of the outer bouniiary 


= 


of inlet flow is ignored. The ratio : 0.385 is the value representing a 


d, t f ll tion that b ded, wil 
‘The correction involves the fact that experimental and. theoretical values of 


for 038 are different, whereas the velocity i is the same. 
follows that the total flow corresponding to the two. cases is different. T : 


Rowan 


27 


35 


Fic. or vor Unrr Frow (ae = 0.0460) 


“relationship between the two is found as follows: Two values, and 


as ie from Fig. 17. The ratio of these velocities equals the ratio of two other average 


Ke velocities representing two different total flows, but a given value « of - This — 


represe enting unit total flow, can be obtained for the two values of — 


— 
— 
— 
— 
2 
= 
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= 0.217 and“ = 0. 140, 6 dui = 40. 28, 40. 
“80 that by: Eq. - 48 = 20.55 55 04. Hence, 


7 


‘Since * = 0.385, Q, = 0.385 X 0.994 X 0. 0438 = : 0.0167 (the correction is 


negligible i in this case, and may be to be 80 for all cases). The ratio. 


= = 06 699 indicates that the flow that may be to enter 
oy WE 


4 prototype inlet is about 70% of that which would be obtained by direct ap- 
of the model. results. aldiaen oq od % dggodith 


5 eh 
Since, for equal values of F, = 0.385, Qp = 16. 3 X 0.385 = 6. 3 


a cu ft per sec, the desired value of inlet flow in the prototype. perp oft 


ae _ Where values of ~ in the prototype a are eaigueibitiie: different from those in 
the model, it is necessary that the flow distribution be known. The variables — 


a K and 5 were selected with ‘such a contingency in mind, but Rainenteptelt a8 
i to whether Froude’s law applies i in the case is not ‘available at this time. 


| = 6.3 per sec, , obtained i in the example, is 
a reasonable quantity on a basis of experience, and in the absence of an error — 
_ in the analytical method must be assumed to be correct. Nevertheless, con- 


firmation of the result by means of an exactly similar larger, or full-scale, 


_ The writer is aware that the method of solution used i is not the only one, _ 
3 4 and, quite possibly, not the simplest, nor tl the best. Further investigation may — 
— disclose, for example, that the maximum . velocity « can be used as the character 


istic velocity instead of d. This would have the — of removing an 
4 


= method of solution presented i in this paper is is ‘intended to. be ‘used in 
F deters development of data for purposes of design. The necessary experi- 
mental data covering a fairly wide range of lengths of inlet, slopes of f street, 
experimental work upon which this paper is based 
Was completed at the California Institute of Technology in 1937. The work — ce 
S & was initiated and conducted mainly by the Bureau of Engineering, City of Los 
Angeles, through L. W. Armstrong, M. Am. Soc. C. E., the writer being in 


direct charge. The County, of Los Los Angeles, t' E. Arnold. , Assoc. M. 


3) — 
— 
a — 
— 
he — 
— 
or 
| 
he 4 J 
— 
= — 
— 
— 
Ras 
a 
— 


Am. Soc. C. E. by furnishing an n assistant. Valuable criticisms ; 
ee suggestions have been contributed by R. T. Knapp, M. Am. Soc. C. E., V. A. 


M. Am. Soe. C. and James Daily; and Hunter Merit 


The distributional expression for R given Eq. ‘9d represents range of 
from = = © andz; = =Oandz; = ©. The value of R(= 
b A representing the asymptote, however, corresponds to a condition in which vie 
7 has decreased to zero and beyond to minus infinity. _ Negative velocity repre- a 
gents a reversed direction of flow, that is, . flow entering the street from the 


i inlet. Although it may be possible by analytical means to derive the expres- . 
a sion for Ry in & manner similar to that used in determining Ko Fo, no such = a 


te 


4 


ae The asymptote Ry does not occur at R = 0, for at that 
a ‘infinite. This, is a reason that the three- constant form of hyp 
a bole equation is required rather than the two-constant form representing the pe: 


HE FUNCTION OF 


a a In Eq. 366 the quantity within parentheses represents a product of functions _ 
R and various dimensions. Divid the coefficient of the term involving R 

wt the constant term, ; Prt , of the function, and rearranging, then yields ‘(see 


KF h-—d— 
=4(1-D — C,)..(52) 


a 


The locus of values of the left-hand member plotted against values of Dthus 


yy should yield a straight line. In Eq. 53 Ro is not constant. Values of the left- e 
pen = hand member for the three experimental cases are calculated in Table 8(a). a 
When these values are plotted against values of D, the result is a straight line, 
confirming the arithmetic in calculations of the valueof Ro. 

4 ie 7a: If, on the other hand, it i is assumed that R, is constant and has the values i 
4,810 (d = 0.0313, =0. 02), and 3,140 (d =0. 0000, S; = 0.02), then 


1981) Percy F. '. Smith and W and William ‘lliam Raymond Longley, Ginn & & Co. (Copyright 


2 
q 
~ 
4 
¥ 
4 
¢ 
7 
| 
4 
q 
| 
7 
— 
=) 
4 


slightly curved graphs when plotted against D. _ When plotted ) and 80), 


—CoMPUTATION oF 3 OF FUNCTION OF OF 


0.548 
0.0313 | 0.1001 | 0.313 | 0.228 22, | 
0.0625 | 0.1313 | 0.476 | 0.1738 | 0.256 — 34,020 


24,150 7 —9,870 


Col. 10 


On 


| Q2KF 


an 


(a) (continued) 


‘Gags Re (a, — a.) = 0.924 X (— 4,310) = — 3,982 


—0.248 | —0.229 | 
—0.1927 | —0.1783 
—0.1513 | —0.1397 


—0. 1792 0.771 
0.822 


0.821 0.668 
0.460 


0.460 


17,380 
22,340 
28,460 


0.711 
0.460 
0.298 


a 


Se 


+ Col. 22 | + Col. 22 ae Col. 25 


3,140 +R 
(see Col. 6) 


5 


a) = 0.924 X (— 3,140) = 


0.194 | 0.179 0. 
0.0512 | 0.115 | -0.106 | 0. 


APPENDIX Brings ad? 


| — iia 

— 
‘No. | Gal | Col 12| Col.6 | 4310 

— 
eft- 

we here for i efined where they first appear and , ia 
hen for convenience of ref areassembled 
hen eference (see Fig. 1 for desig 


a 
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* 


a= 


= depth at curb at the approach section, infeet; = 


normal of the model between the ‘approach section and 

the center of theinlet,infeet; 


t 


e: = subscript denoting excess flow, or overflow; height of overflow sill i 


above normal gutter line produced, in feet; 


yor Froude’ s number, — Fu = Froude’s number representing actual 


= head; the characteristic dimension; difference in elevation between 


i ri _ the water surface at the approach section and the lip of the inlet 
at its midlength, in feet: hp = head for prototype; 


for - model dimensions and velocity, but a calculated 


length upper end of depression (see Fig. 
= width of overflow notch, in feet; an exponent; 


Reynolds’ for actual model flow; 
Rp = Reynolds’ number for prototype flow; mo | 


of the approach flume, i in n feet per foot; 


= aight of roughness protuberances, in feet; subscript denoting 


| 


— 
a 
— 
— 
AC 
— 
let a 
— 
— 
de 
| 
? 
ia 
model 
pngitudinl 
— 
— 
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als 


per second at the approach section of Som, 
within the distance 2; from the curb; 


= acceleration of feet per second | (per secon 


pect P= hydrostatic pressure acting at the approach section on 


flow within a distance 2; from the curb, in pounds; 


Bi Whitin - = rate of flow, in cubic feet per - second at the approach sec- 
tion of flow within the distance 2; from the 
he Wonk 


i excess flow, | or overflow; rad} 


= “total” flow or flow between. the curb and es 


Qp flow, Q, in prototype; 
= flow, Q, in the model; wis Mista 
wae = moment of momentum per second within a ome RG 
from the curb at the approach section; tad? L* T- 
v= the rtical line ata 


distance z the curb, in feet per second: L 


= average velocity, or momentum per second 
sal Fyne per unit mass per second of flow within the 
- distance 2; from the curb at the : approac 


= average velocity, d, for the model; 


ud ie hi fiz all 


Ba weight, 1 in pounds per cubic foot (=pg=62.4 _ 


¥ 


v, = kinematic viscosity representing a Reynolds 
vol number of prototype of 


ws 


— 
= distance from curb ¢ 
3% curb to outer boundary of a filament of Rows 
iz 
iim 
_ 
| 
im atten adh oT. 
— 
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“DISCUSSION 


W. Powe,’ M. Am. Soc. C. first reading of this ‘Paper 


default of a simpler method to perhaps such a is 
“4 and this method of “distributional” analysis seems quite worth studying on its — 
own account, entirely apart from the to which it is here applied. As” 


an imaginary, less viscous liquid. (which, would have produced ‘Froudian 
similarity in his model) and the Reynolds number resulting from u: using g the a 
aM, a actual size and velocity of his model, but this imaginary viscosity instead of “S 

the actual viscosity. By running tests at several different slopes, he obtained ae: 
— enough variation in his mean velocities to give an appreciable variation in the a 


Reynolds and Froude numbers and derive a formula for the coefficient which 


the value of thee coefficient the aforementioned fictitious 
‘number is obtained | and the is writer wishes to make 


For might not the equation be expressed as 


Of course, , the results seem to answer this question in 

the negative, but in questel it =a not be assumed that 6 (F, R) always can 


a To the writer, the most interesting? point of the paper is the use of a | Bs 
“momentum average’ ’ velocity instead of the usual “discharge average” i 
ps sm F and R—that i is, instead of defining average velocity as diphonap «sf 

a by area, the author has defined it as momentum evined by mass. — 
ae gives about 20% higher velocities i in the examples of the Paper. _ Since the a 
= of d to v’ for the different columns of Table 1 is c quite constant, , it =a 

ie ve seem that this innovation would hardly affect the final result in this particular — 


S ; problem. _ However, it raises | the very | interesting question as to whether, in in 


that it hardly be expected ever to replace, entirely, the defini- 
ie tions of F and R because : a knowledge of the velocity distribution would be. — 
: ae required before either could be computed. It also 1 raises the question as to 
_ whether one should ever use an ‘ ‘energy average" —| ’"—the square root of twice the — 


: 


— 
ik 
— 
— 
— 
— 
is 
it, 
— 
— 
— 
was only from 11,810 to 29,970, but by a very 
90) the validit. whi ter is not in a position to discuss __ 
(Eqs. 26 to 29), the validity of which the write 
q Fay 
— 
pe 
= 
— eit 
— 
dar 
=. on 
— 
tic 
te 
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= “ey been variously denoted by B, a, and Km by various a authors. 
Johnson;* Sos.’ C. E., and M. P. Brien,* Hickox,’ 
R. W. Powell,!° * Members, Am . Soe. C. E., used 6; S. M. Wood 
_ Am. Soc. C. E., and C. J. Pome," Assoc. M. Am. Soc. C. E., us ed a; and 
unter Rouse” and Victor L. Streeter," Assoc. ‘Members, Am. Soe. -C. 
used Km. The value 8 = 1.20, which is indicated in Table 1, is quite high, 
but the true value i is still —— because, as the author admits, he has neglecte 
siderable, the true value of B was 8 probably we al 1.25 and 1. 30—almost as on 
; as laminar flow. ‘This must. be due to the unsymmetrical ¢ cross 


ould also be noted that i in Eq ‘and the other derived 


minor criticism of paper is that the meaning of h in the definitione 


of F and R is not clear to the casual reader. _ Another is that, in a a model this 
small, it would seem that, among the factors listed in Eq. 3a, surface tension 
would have to be included. In fact, ‘it is the writer's opinion (without any 
rational reason to back it up) that the model s should have been at least twice 
-TAPLEY ASSOC. | M. Am. Soc. C. E—The problem at attacked in the 
‘paper is of a . type upon which little has yet appeared in literature; features 
believed to be novel were included. It is regretted, therefore, that criticism, 
5 either for ors against, was not more widespread. 


Professor Powell’s comments are very much to the point in several particu- ie ; 
lars. His statement that the method of distributional analysis seems worthy 3 
of study i is believed to be particularly pertinent t when, as in the case of storm- 
‘Sewer inlets, the lateral distribution is so characteristically feature the 


The study of distribution itself i is also an active Geld a at present. ae 


a, tion is invited to the observed, prac ctically perfect independence of the values 
ar x from the total flow Q; in the model channel. Table 9 shows, for compari- 
son, values of « representing S; = 0.02, or Qe = 0.0615, and 


— of x representing the average for S; = 0.01, 0.02, 0.04, and 0.06, or ¥3 
.. ‘Velocity-Head Correction for Hydraulic Flow,” by M. P. O’Brien and J. W. Johnson, Engineering S 


Applied Fluid Mechanics,” by M. P. O’Brien and G. H. Hickox, McGraw-Hill Book Co., Inc. 
10 “Mechanics of Liquids,” = R. W. Powell, Macmilian Co. , 1940, p. 125, 
“The Hydraulics of Steady Flow’in Open Channels,” by 5. M. Woodward and C. J. Posey, 


iley and Sons, Inc., New York, N. Y., 1941, p.47. 


“Fluid for Hydraulic Engineers, "by Hunter MoGraw- Hill Book Co., Inc., New 


a 8 “The Kinetic Energy and Momentum Correction Factors for Pipes and for Open Channels of Great 4 
_ Width,” by Victor L. Streeter, Civil Engineering, April, 1942, pp. 212-213. ibe 


_ “Variations in Correction Factors fer and Open Channels,” by C.J. Poesy, ‘ July, 19 1942, 


p. 398, 
unior r Civ. , Bureau of Eos. of of Los Angel Los Angeles, 


— 
— 
iii 
— 
3 ie tion as to the frictional resistance would not account for such a high value if | 7 
— 
3 «it, speci attention is requirea many Or une are 
| 
| 
i= 
— 
, 
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ano 0434, 0. 0615, 0.0870, and 0.1066. All data represent a = 


average obtained from a large number of observations.'* 


Inasmuch as Professor Powell calls attention to the writer's use of the 


momentum average, | the following remarks upon | may be in 


hry tide 
ni 0.168 | 0.339 | 0.508 | 0.674 | 0.841 | 1.003 | 1.257 | 1.700 


« (Ss=0.02) s 0.517 | 0.690 | 0.805 | 0.882 | 0.928 | 0.969 1.001 
_ ® (average). .’ . 0.518 | 0.693 | 0.810 | 0.886 | 0.932 | 0.970 1,000 fe 


order: The average velocity, “discharge divided by area,’ been 
aptly called the “apparent average”’ velocity. It should be kept in mind that 
' this velocity is an average one only in the uninteresting | case where velocity tai 
does not vary throughout the cross section. The following mathematical ex- “ 


a particle of fluid cannot be described satisfactorily by its: area of cross we 
On the other hand, the expression for the momentum-average velocity, 3, is 
one for which the physical conception is grasped readily: veg 
in M mass: eocond, and Q represents volume per second. 
Each elementary mass of fluid is weighted by its particular velocity. — The ve 
average, 0, is the velocity of all the particles moving as one mass when the ee 


s corresponding momentum equals the ageregate of the momentums of all the 


individual masses moving at velocity». 


The expression for the energy- ‘average velocity, may be obtained from 


- 


| 


— 
<4 | bea 
Lag 
I 
— 
— 
— 
— 
— 
— 
— a 
= 
5 
— 
— 
— 
— 
— 
a 
es Library, 20 West 


er “second moves when the energy of the total ‘mand — wey sum of the 


y oe the « energy- -average velocity when the phenomenon is s properly, ‘and con- 
_-veniently expressible in terms of work and energy; and use the momentum- a 
verage roneny when momentum and force are the proper mediums for 
ards 1942, regarding energy and momentum methods.” The 


alii calls attention to the long- ‘standing nature of the contro oversy over the pcr 


whereas ‘Coriolis advocated the energy ‘method, Coriolis’ view geierally pre- 
vailing. The bulletin further gives the view of G. H. Keule gan that either 
_ method i is correct, provided the proper interpretation is placed upon the « opera- 
- tion, but that, practically, it is preferable to use the momentum method. iets ms 
hal It should be emphasized that the ratio — s; mentioned by Professor Powell, 


3 [eee the ratio of the momentum-average velocity of the inlet flow to the | “ 


discharge-over-area_ average velocity of: ‘the total flow. _ These quantities, 


. = they are, since they do not represent the same cross sections of Gow!!!) ¢ 
an investigation of backwater effect,! 18 the writer found that ¢ the rela- 


cross section being 0.0298 sq ft. The |. 
ratio is thus constant, but less in magni- ‘TABLE 10.— 
tude than computed by Professor Powell. BETWEEN 


(‘The writer did not feel warranted 


Values of S, 
a constant discrepancy even gilt patios 
as small as 6%, because the 
under investigation (Reynolds’ number) 
4 


was expected to make itself evident by y 1.46 | 2.06 


only a feeble effect within the 


Professor ‘Powell inquires whether Eq. 54 could | not have been used le 


"wel as Eq. 6b. The following arguments seem to prove that it could not, al- 


1 Technical News Bulletin, National Bureau of Standards, July, 1942, p. 50. 


“Inlet Flow with Backwater Effect,” by G. 8. Tapley, Table The manuscript is filed with 
Engineering Societies Library, 29 West 39th Street, New York, N. Y. 4 Sie 


— 
me 


| 
rsecond. It = 
— 
Assuming that both energy-average and momentum-average velocities 
— 
— 
— 
— 
— 
— 
= 
— 
— 
_ 
‘aa 
| 1.06 | 1.05 
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— 
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™ 


case because F and R v vary In a similar case, 
P. O’Brien and George H. Hickox," Members, Am. Soc. C. E., 
I » state that the unknown function should be considered as the product: of two. 3 
infinite series in the dimensionless groups.§ 4 
Professor Powell is correct in stating that the meaning of in 
.. ;. its use in F and R was not sufficiently emphasized. The dimension, of 3 
rag es is the one selected as being descriptive of - the characteristic phenomenon, 


effective part of its course. Had viscosity | been the principal consideration, 
dimension would have been selected. both ‘gravity and vis- 


cosity are » considered important, a ‘single dimension is used irr both the Froude - 


and Reynolds numbers, but Ge dimension best representing ¢ the most mae". tek | 
adi The writer agrees that it might have been to use alarger model, __ 
but for the reason that difficulty was experienced in measuring depths ac- 
és <3 curately at the approach section, and not because of fear regarding the effect 4 
of surface tension. Considerable attention was given to the possible effect of 
oi surface tension because of the small size of the model, but it was concluded — ct 
that the effect was inappreciable except in a few minor cases, such as when the cas ie 
overflow was approaching zero magnitude. _ However, in the case of submerged 
inlets (a subject not included in the paper), where the inlet | operates as an wet 
ae orifice, surface tension was deemed to be an important consideration, and in an + ae 
unpublished report entitled “Submerged Curb-Opening Storm Drain Inlets,” 


, a. the writer included it in the analysis by means of which ‘the orifice coefficient a 
‘che was derived. The principal argument against a larger model, of course, is ae oe 
that time and expense items increase rapidly with increase in size. With a 
S larger model it is possible, moreover, , that it would have been difficult to have a 
x determined the form of the function of R, because the effect of viscosity be 
Backwater E ffect.- —Subsequent to completion of the analysis of free flow, 
an investigation of backwater effect® was undertaken. The following results 


of the latter investigation are submitted here as being aubstentiative, tosome 
extent, of the correctness of the former analysis, and also for the value the 
ma may have in extending the range of conditions covered. 


= y 1# “Mathematics of Modern Engineering,” by Robert E. Doherty and Ernest G. Keller, John Gao 
& Sons, Ine., New York, N. Y., Vol. 1, 1936, pp. 140 ad be a 
“Engineering Mathematics,” by Charles P. Steinmetz, McGraw-Hill Book Co., Inc., York, 


“Applied Fluid by Morrough P. O’Brien and George H. ‘Hickox, McGraw-Hill Book 


* 


1.02 
al; 


oe bie though some of the facts involved could not be anticipated without regard to | 

| the experimental data. All quantities of physics are products,” and any set 
observations can be represented by a potential series.° Moreover, prot, 

ig sss wet of @ series is only another series. Eq. 54 evidently would apply toaseries § 4. 
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In Eq. is the characteristic linear dimension representing backwater 

- effect, and equals the difference in elevation between the surface of the a 
Na Pe body (assumed level) and the lip of the inlet at its center. The effect — 
Bek of viscosity has been assumed to be negligible in the backwater phenomenon, a 


age 


because that phenomenon is characteristically one of shock, rapid change of 
elevation of thesurface,orwave motion, 
Figs. 18(a) and 18(6), respectively, show experimental values of J as func- | 
tions of b and. Fig. 19 shows values of 5 versus b for constant values of J 
oe and for” =  O—that i is, no overflow. The locus for J = 1 represents the limit- 
ae ing condition between free flow and eaters effect. ‘The locus for n= 0 is 


the of the oaks of intersection of the loci for n= = 0 
ie = 1 were computed from Eq. 59, using the constant value ooh : 


and an average experimental value of ». a 
Peas 4 It can be reasonably anticipated that the arguments in the function ¢ will 
i> us combine i in such a manner that J is expressed as a function of a Froude rot 
and of a number r expressing a geometrical dimension of the backwater ‘body. 
7 te was found, however, that the characteristic linear dimension that enters — 
these numbers is a difference of depths rather than a depth suchasb. 


: 


fay ‘The simplest case of | flow i is that for which n = 0, because in that case no 
a a overflow exists, and the width at the approach section of the filament of flow 
ee a entering the inlet is the total width of the channel—z; wird the constant value 


In Eq. 62, 0. 0690 is the b when d= and 0, as shown i in Fig. 19. 
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The equation f for Jin in terms of B Ba has the form 


451 


Note that in Fig. 20 “the data representing By f= 0. 06 to the 
ae tion wherein the backwater | wave has reached a a point upstream far enough to 
submerge the depression completely, so that the at the 


section is no longer normal for the value ¢ of S;. 


25°: 


917-2963) 


Factors ror b > 0.0840 anp b < 0.0840 (ae = 0.0460) 


3 


5 Bt. = 0. 867 — 2. 963 (B**, 


greater than 0.0840, and 

Bt = 0. + 0.544 (— 
values of 6 less than 0. 0840. js. 64: =b- 

0840. (Note ‘that, by Eq. 


uantit 0.867 = 1 Fi.) 


for 


= 
— 
y ig. 21 and are 
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The difference i in the parameters 0.0774 end 0. 0003 is 0.0066, which 4 isthe 

- ms fall in half the length of the inlet due to the normal slope of the model. This ie 
Bea fact suggests the ) manner in which the length of inlet and | slope of of street. enter a : 

BS the backwater function and should be useful when, later, these quantities are 


65 inserted in Eqs. 64 will yield ‘more general « expressions. Note that 
53x Bl-5sy varies only with 0, and B-5, varies with both and b. The 
latter term Be 5.) thus corresponds to tk the term B?, of Eq. The ‘terms 

of Eq. 65d are converted easily into for moment of velocity, 


conclusion, the writer submits the good correlation, the 


“the simplicity in the foregoing paragraphs as being § good evidence that hae 
xpressions for flow derived in the main text of the paper epey © account for ae 
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a developed for the of statically indeterminate structures | in 


Founded November er 5, 
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| Jom MECHANICS OF CREEP FOR STRUCTURAL ri 


: By JosEPH MARIN," Assoc. M. AM. Soc. C.E. 


pla 
formation is called “creep. i ‘Ku "The importance of creep in a particular poe 
depends upon various factors as, for example, the material considered 
allowable stress used, the ‘temperature of operation, and the desirability of ee 
4 maintaining a small deformation. For this reason the designer must consider 
. the effect of creep in many , applications, 8 such as occurs in the turbine, oil- ¥ 
‘refining and automotive industries. In cases where high temperatures occur, 
changes in the stress distribution and deformations are sometimes so great oe ‘ 
& that the need for considering effects of creep has been realized for several years. 
"4 For normal temperatures, on the other hand, little has been done-to determine 
the of . This paper i is an at- 
tempt to analyze this problem. In developing methods o analysis for statically Ag 
indeterminate structures it was necessary first to select a creep-stress law. that 
could be used in place of Hooke’ 8 law. For this purpose a new creep-stress 
is proposed i in this paper. With a basic creep-stress ‘relation for 


"These 


LT. ane The importance of creep in . structural an alysis is is twofold: First, ‘there - 


the possibility that the creep deflection might be exceasive ; and second, 


feactlons and resisting moments when Hooke’s law is by creep law. 
_ The significance of the creep deflection or the ae in stress distribution in - 


Nors.—Published in May, 1942, Proceedings. ea? to ais 


“ey 


| 
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a 


ae aa Some preliminary tests are reported in this paper in support of theories eo 


developed. it should be emphasized, however, that these theories will give 
= only approximations, since the creep law.is an approximate one. It must ae 
a be noted that there is great: need for experimental work in this new field of ; 


ia importance of « creep in ‘structural analysis i is particularly gnificant 
stresses beyond the yield point are permitted or - such stresses are 


consideration of ‘creep is necessary, therefore, for som 


parte stressed to the plastic range. 


— 


r influence design. Considerable test data have been obtained at high tempera- 
tures, particularly for materials used in the turbine and oil-refining industri 
. <a (See, for example, “Compilation of Available High Temperature Creep Chai 3 
= acteristics of Metals and Alloys,” A. 8. M. E.—A. 8. T. M., 1938.) Many Be? 
attempts have been made t to interpret t these data for the purpose of selecting ag 
Epon stresses? To the structural engineer, the behavior of materials at 
_ normal temperatures is of greater interest, but for such temperatures there i is 
w of the information on creep in 
simple | tension and at will be made first. This study 
ay cA leads to the selection of a new creep-stress law in place of Hooke’s law for the __ 
development of a mechanics of creep. to 


ees ‘The letter symbols used i in this paper ‘are defined where they fink’ appear 


are assembled for referencein the Appendix. $ 


nea “Usually the simple creep-tension test is used for obtaining basic data on 


the creep. behavior. of engineering materials. In tl this test a specimen | is sub 3 
a i jected o a stress that remains constant, and the creep deformations are mea- 


sured with time. With this information ereep-time relations can be 
ee for each stress value. i Fig. 1 shows such plots for Aluminum Alloy 3 3/4H 


tested at room temperature. — These experiments i in tension and others in pure 


: __ # “Interpretation and Use of Creep Results,” by J. J. Kanter, Transactions, A. 8. M., Vol. 24, No. 4, 
‘December, 1936, p. 870; see also “‘A Comparison of the Methods Used for Interpreting Creep Test Data, # 
by J. Marin, Proceedings, A. 8, T. M., Vol. 37, 1987, Pt. II, Technical Papers, p. 258. 


a particular design naturally will depend upon the material considered. Cal- i 
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ae: ‘creep is significant, it is necessary to select a ‘working s stress based on an nig 
a able creep deformation i in the estimated life of the machine or structural mem- 
i A ber. Industry cannot wait for lifetime test results, and it becomes necessary, 

: therefore, to extrapolate test data that will apply for | lengths of time not covered 
by the test results. +h This has led to a number of methods for interpreting the 
test data. For this purpose it is desirable to express a relationship for the 

creep deformation ee in a time ¢ for a unit stress s. _ When elevated tempera- 


= must be considered, there is the additional variable, of temperatann: aie’ 


“bending have e been in detail 


Specimen No 3S: 02.2. 


n. per In. 
3S- 


Strain, | 


320480 6408009601120 1280 
TEs ‘Time, in Hours 
Fre. 1 —Taxstox Crusr Curves 
ome of the interpretation for temperatures 
have been presented elsewhere.* More recently, procedures for interpretation 
ig “of data proposed by Ss. i. Weaver, ‘Cc. R. Soderberg,’ A. N&dai,* 
and others. A consideration of these methods shows that, although : some of 
a _ the methods fit a particular set of test data better than other methods, they do 
so by using a a more complicated formula. If the creep-stress law is not a simple ri 
“one, it leads to mathematical difficulties in developing: a mechanics of creep, Lo 
or the expressions deduced become too complicated for practical purposes. 
A creep law that satisfies the condition of simplicity and has considerable Ps 
experimental s support for. many engineering materials at elevated temperatures | 
; is the one called the log- -log creep-stress relationship. _ By, this method, a con- 
stant creep rate is assumed. (See, for example, the many tests reported in SF 
“Compilation of Available ‘High Temperature Creep Characteristics of Metals 
Alloys,” A. 8. M. E—A. 8. T. M., 1938. These test results are plotted 
ona log-log basis and show an approximate linear plot.) In addition, a as : 
straight-line ‘Telationship i is also assumed between the logarithm of the creep i 


rate and the Hey e ‘ saa vig 


ay 


A. 8. T. M., Vol. 40, 1940, p. 937. oh 


‘“The Creep Curve and Stability of Steels at | Constants ess and Temperature,” by 8. H. Weav ver, rf 4 


Transactions, A . M. E., Vol. 58, 1936, p. 745. ‘Rabat tui’? 
§“The Interpretation of Creep Tests for Machine Design,” by C. R. Soderberg, ibid. 


gure “The Influence of Risomil Creep”—The Hyperbolic Sine Creep Law, Stephen Timoshenko 60th 
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Pm Experiments i in tension® on Aluminum Alloy 38-3/4H show that the log- log 


3 Fig. 2 where the logarithm of the constant ¢ creep rates = obtained from Fig. ls are 2 
- oo versus the logarithm of the stress. The linear relation between these — 
we in 2 can be expressed by either Eq. la. or 16. 


ay 


ch 


are In 


Log Creep Rate, In. per In.perHr ate 
ie, i —RELATION BETWEEN Creer RaTE AND Srress 
— = 


reep tests on various engineering materials at normal temperatures were = 
r+ hima by R. G. Sturm, Assoc. M. Am. Soc. C. E , C. Dumont, and PM 
Howell.’ These experiments were inade oni several ‘aluminum alloys, soft and 
‘a hard copper, and two ee ee material was in the form of sheets and wires. Bes 


3 


in which F and mare experimental By Eq. 2, no attempt 
iy is made to give a general expression involving a variable stress. Sot arene va 
ae Creep experiments on five steels were reported by H. J. French, H. C. Cross, 
a and A. A. Peterson,* in which some of the tests were made at room temperature. Se mo 


Method of Analyzing Creep Data,” Sturm, Cc. Dement, and M. ‘Howell, Trane 
3 actions, A. 8. M. E., Vol. 58, 1936, p. A-63. 
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«$06, ibid., 1938. 


One structural alloy steel specimen ; 
One tungsten-vanadium high- speed steel s specimen; 
oA - One chromium “stain-resisting” steel specimen ; and 


dn One nickel chromium “austenitic” steel specimen. _ 

Although sufficient experiments were not made for purposes of establishing eS 
_creep-stress law, these tests are significant in giving evidence of creep deforma- 


tion in structural steel. _ They show that, for the structural steel tested, creep e 


Ae 


Creep of commercial leads at nennal temperatures has been investigated by — 
_ A. J. Phillips* and by H. F. Moore, B. B. Betty, and C. W. Dollins.1° ae 
experiments indicate that the log-log creep-stress law expressed by Eqs. 1 isa 
e 3 good approximation. — Although | this material i is not rs general importance, it. 
is of interest in showing that the log- log plot ‘applies. 
_ Concrete is an important structural material and therefore should also be ( 
a considered, if possible, in formulating a creep-stress law. Many ee 
experiments on concrete in compression have been made. A summary of some — 


3 of the test results and interpretations is given by J. R. Shank," M. Am. wi 


C. E. The recommended creep- stress law on the basis of a study by Mr 


Shank," in terms of Eqs. 1 and 2, is he 


expression for these equations might be written 
Eq. 4 seems to have considerable. 


stress as case 5 
of Eq. 4, is is that the elastic or aE 


fering to the deformation- rela- 


tion of Fig. 3, the total unit deforma-— 


elastic or initial deformation e, plus the creep p deformation e,—that i is, rl sta 


OT roca | 

*“Some Creep Tests on Lead and Lead Aleys,” by A J. Phillipe, Pr ‘Proceedi M, Vol. 36, 
19386, Pt. Il, Technical Papers, p.170. 


“The Creep and Fracture of Lead and Lead Alloys,” by H. F. Moore, B. B. Betty, C. w. Dollins, 
3 Bulletin No. 272, Univ. of Illinois Eng. Experiment Station, Urbana, IIll., 1935; see also ‘*The Investigation ee 
of Creep and Fracture of Lead and d Alloys for Cable Sheathing,” by the same authors, Bulletin No. hae 


Mechanics of Plastic Flow of by J. R. Shank, Proceedings, A. C. I., 1936, 

ver 
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‘MECHANICS ‘OF 


sty 


a in which Hooke’s law B=1/E and p =1,in which 
E = the modulus of elasticity of the material. Substituting the of the 


TH: 
. . 


E 3 6 define the total deformation in terms of the unit seeie aiid the time. In 


addition, there are five experimental constants. This creep-stress law i is ‘used 


bending. is found, however, that this leads to cumbersome « expressions, 

_ making the formulation of structural mechanics in the case of creep very dif- — 

2 ficult. For this reason an 1 approximation to Eq. 6a is suggested . This | in- 
= assuming the elastic or initial deformation to be expressed by Bs" and 


An indication ¢ of the obtained i in us Eq. is by 
‘ysis of the test data shown in Fig. 1. Using the results for specimens B3.2 — 
ed and I B3.1, n= = 1.22, m = 0.20, a = 3.75 x 10-*, and B = 1.04 X 10- *, The 
rmined on the basis of Hooke’s law, , as explai ed. 
expression for the total strain as given by Eq. 7a then 


e = (1.04 X 10-* + 3.75 X 


7b is ‘shown ‘i in Table 1. vie 
—ComPantson oF AcTUAL termining the actual strains, the 
AND THEORETICAL elastic strains were added to the 


“Multiplied by 10) creep strains. These deforma 


— tions are fora time ¢ = 1,760hr. 


Stray Theo- The percentage error inthevalue 


Creep | Elastic | 
strain | strain | ¢ 

(ee) 

"35 | | 

70 | 52 | 122 

Eq. 7a produces a smaller error 


~ 
110 than is indicated in the test data. 


‘tion of the estimated life of the structure—that i is, the test data cover a period 
hin approximately two months, whereas the limiting deflection would be based on 


This is because the time covered 


3 one e of the = 

— tial for which Hooke’s law 

= 
otal strain then will be as 
— | 
— 
+ 
— 

— 
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. ‘the elastic theory. To do this it is only necessary to to replace Hooke’ Sani 
the development, u using the elastic theory with the creep-stress law expressed — 


_ by Eq. 6a—that is, the following assumptions willbe made: x a 


(1) A transverse e cross section of the beam originally plane and and normal to 


center line of the member remains plane after bending; ‘Dek 


aa (2) For any fiber the strains are defined as in the case of tension by Eq. 6a; ony 
The creep-stress relations are identical for fibers = | com- 


pression at equal distances from the neutral axis; and 


sey fms (4) The lateral compression between the fibers i is negligible. 
Assumption (1) has been verified by some experiments i in bending.? By y means 


the foregoing assumptions and the conditions of equilibrium, a for 
the stresses and deflections in bending can be obtained. — By the creep-stress ne: 
of Eq. 6a, the strains at distances y: and from the : neutral axis 


values of the strains from Eqs. 8i in 


“Stresses and in Pipe Flanges Subjected to at by 
Journal, Franklin Inst., Vol. 226, November, 1938, p. 645. 


i 


= 
— 
fraction of the creep deformation, an e error produced in using B s* = 
x for the elastic strain is therefore very small. on 
or suraight beam subjected to a pure bending moment M, as shown in an 
ba 4 Fig. 4, a the 
| — 
A 
| & 4 — 
— 
— 
— 
— 
— 
— 
— 


: order to integrate Eq. 11, the position of the neutral axis must be dee 522) 


4 is given by. noting that the summation of stresses over the cross 


Eas. 10, 11, ead 12 define stress in terms of the moment. For 
a a rectangular cross section with width b and depth h, Eq. 12 shows that the Le . 
ie, neutral axis and centroid coincide. 1 were a rectangular cross section dA = b ae ae 
= ae To evaluate the integral i in this equation it is necessary to determine dy: from ig 


hb 


da M, of the beam, 
) constants of the material. 
‘DT D~//, In order to obtain an 
the deflection in a beam sub- 
jected to pure bending, considera = 
section of a beam as shown in Fig. 5. 
‘The strains at distances yi and 
from the neutral axis in terms of 
is the radius of eurva- 
ture of a beam. Placing the 
of from Eq. 8a in Eq. 150, 


of 
— 
pr 
- 
= 
— 
in 
— be 
— 
3) 
8 
i= 
— 


of y and ay as obtained om B 


"Sar 


yr small deflections the relation the deflection y ‘and the curvature is” 


The differential equation for the deflection i in ne of the stress on the outer ote 


cross section shows that these | expressions are too complicated 
“4 practical purposes. — _ If the value of p is assumed equal to n, the foregoing theory — 
“aa is simplified. This i is eqervalets to assuming the approximate creep-stress law 


given by Ec Eq. Placing p= nin Eq. 14, the expression for the maximum 


in which J = b h?/12 = the moment of of the cross section. 
The differential equation for the deflection is given by substituting the * 


p = nin Eq. 16. Then Fas: ort 


btained in a a manner similar to 


aa to obtain the constants of a en by using the boundary conditions « of the 
particular problem. For example, in a simply supported beam of length lI, ! 


‘subjected to a concentrated lo load P, the deflection at a distance z from 


im 
— 
— 
Ashe — 
— 
— 
— 
the elastic theory. The value of D can be o — 
be used for determining deflections in beams in a manner similar to the usual 
— 
— 


‘MECHANICS OF CREEP : ; 

For = 1/2, the maximum deflection i is, by or by Eq. 20, 


az measured and theoretical in aluminum alloy | beams subjected 
bending. These beams were subjected to pt “pure bending moments of 

Poy B. values shown in Table 2. _ They were of rectangular cross section of we 

a. = 0.50 in. and depth h = 1.00 in., and the deflections were measured over a ” 
ac} to ai “gage length l= 8in. By Eq.18the 

TABLE 2.—Comparison of expression for the deflection becomes 


Speci- | Mo- | Theoretical | Actual | sol" Using 
men =| ment | deflection | deflec- “error 
i or 
a3 0.033 | 34 values of the deflections, as piven by 
A4 1,667 | 0.053 0.046 13 Eq. 22, are shown in Table 2. The 
experimental values these defiee- La 


Sie between. the theoretical and experimental values shows that the theory gives By 
8 good approximation. — In making this comparison the preliminary nature of — 


these tests in this new field of study must be pe considered. ‘nid 


Knowing the relationship between the deformations i in the case 
i. ES of simple tension and pure bending, theories for the analysis of statically i inde- ee, \ oe T 
terminate structures can be developed. is ‘convenient to discuss first 4 
a statically indeterminate beams of onespan. = doide 
= (1) Double Integration Method—Beams | of One Span- —For beams that are = >a 


s statically - indeterminate, the values of the reactions and deflections | can be 


found in a manner similar to the double integration method used for the elastic 
‘ case—that i is, essentially it is only necessary to integrate the differential Eq. 
18 twice, first substituting the value of the moment M in terms of z for the t 
: particular problem. The constants of integration and the statically indeter- 
= fay So minate reactions are then found by using the particular boundary conditions — - b 
some cases the integration is not di- ( 
and in others considerable work is } 
power n that is usually different from one, and the simplifications afforded ie 


_ the elastic case by using the 1 methods of superposition can ‘no longer be used 4 
ee this analysis. Some examples of statically indeterminate beams will now fos if 
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to an end moment m is shown in Fig. 6. By Eq. 18 the d 


in which Ra = ‘the reaction at pointA,and 8S. poh 


in which c,; and c; are constants of integration. ‘Using the boundary condi 
tions that the deflections are zero at both ends of the beam and th 
wero at point B, aah wt of the reaction Rai is determined d by the eq ation 


+ 2) (Ral = — (Ral — = 0. . ( 

Noting that = Mp, E Eq. 26a can be Mar—that 


Bb) 


a The value of the : moment Mpa as defined by Eq. 26b will depend upon the valu 
different values of n the variation in Ms is represented i in Table 3. 
The table also shows 


increase in the moment at for ‘TABLE 3 


n=T7 over the value determined by = 
the elastic theory. Values of n at Value 
temperatures: for steel have been Clantic cone) 


“the value of the moments those 


values obtained by elasticity. The value of the stress, as 
_by Eq. 17 for a rectangular section, is also modified, depending upon the | 


value of n. In estimating the resultant effect it is “necessary, therefore, to 
consider the influence of the change in moments as well as the yee in 


tress distribution. — Another important consideration is that of limiting th 


Example 2. —A uniformly loaded beam, fixed at one end and simply su 


ported at the | other, is is shown in Fig. 7. The differential equation for this. 


problem, using Eq. 18, is 


— 
i= 
| 
iim 
n 


Example 1, an equation for the Ra at can be determined, 


a. 25 wl) RY + (0.535 Ra ~ 0.078 w = 0. 


From Eq. 28 the value of Ra is 0.40 wl. For the elastic case, Ra = =0., 375 wl. 4 
The moment at the support for n= = 10 w as com- 


R, 


Example 3 —For a beam fixed at both ends and hin cted toa uniform load ee 


omes 


following the procedure as explained for Example 1—namely, integrating 
“iu twice and applying the boundary conditions—an equation defining the “a 
ue can be determined. For n = 3 this relation is 
— (0.25 w M%, + (0.025 Ma — 0.00088 w* = 0. 


_ Solving for this moment, its value is M4 = 0.074 w?? as compared with 7“ a 


: aero 4. —For : a beam fixed at both ends and subjected to a concentrated = 
an ~ load (Fig. 9), it is necessary to write equations for both parts AB and BC ee 
of the beam. i This leads to ) equations that are too complicated to present in i 
= paper. Miah the load is considered at the center, R4 = P/2 and Eq. 18 4 iS 


be written for only one half the beam. Thus, for 


4q 


Integrating this equation twice and applying the ‘necessary condi- 


Sirs tions, an e for M Ma can be found—namel 


=< 


— 
— 
f 
— a 
im 
— 
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OF CRE 


: inate reactions and moments may be appreciably different from the 1e magni 
tudes obtained for the elastic case. ‘It may be necessary, therefore, to conside 


- this difference i in the design of statically indqterminate mean 1 in which cree 


(2) Slope-Deflection Method.— -The method is one of ike 


4 - tions, ‘consider | the beam AB in ‘Tie. 10 simply ne at points A and Bo 
oe and subjected to moments M, and M; at the ends. By the slope-deflection _ 


and Oss at the ends of the wee if 


rag fe 


ty 


4 
of C1 are determined. _ Then the slopes and 02 
the values of dy/dz at z = 0 and respectively, as found by Eq. 34a. 
Noting also that Ri = (M, ete M;)/I, thes sloy 


the slopes i in terms of the moments are: rat va 


0: (My + M3)? (n+ 1) = + Mi) (— My 1(n +2) 


(n + 1) = (Mi + My) (M +2) 


The: solution of Eqs. 35 simultaneously for M; and M2 offers di 


’ | present in the elastic case. _ The conclusion must be, therefore, that the slope- 


of structural analysis as to subjected to creep shows 
ain the fundamental nature of the Hardy Cross method. 1% The basic « 


acter of this classic ¢ method remains unchanged for applications where 


‘namely, the the fixed-end moments, the carry-over factors, and the > distribution — 4 2 


pall Traneactions, Am. Soc. E., Vol. 6 (1932), p. 


Using this relation, Ma = U.15 Pl for n = 3, and Ma = 0.14 Pl for n = 
d. | These values are higher than that of 0.125 PJ as found for the elastic case, ee — 
Wha coins a es s values of t¢ statically indeter- 
— 
i= 
: — 
4 o do this, Eq. 18 can be used. Then 
— 
— 
— 
— 
aS 
— 
— 
— 
— 
— 
— 
— 
— 


F 
a , The determination of the fixed-end moments has been explained herein i in - 
| the section on the double integration method. To determine the | carry-over “a 
a as and distribution factors it is necessary to determine the slope at the left end of _ 

the beam in Example 1, as shown in Fig. 6. This slope is the value of inl 


RF 


gi sdt to adf4, 
+ 1) (n +i) Ht to ad ‘ma 
37. m at A in terms of the slope 04 at A. Ifthe ar 
members shown in Fig. 11 is considered, then, by Eq. 


= = ‘ad = = and = 6,. .(39) 


vr, 


af + Mee + Ma + Mace + M =0. (40) 
Substituting values from Eq. 39 in Eq. 
es, 40, and solving for @,, 
le "Placing this value of the slope 6 in Eq. 


the ratios of the moments in the 


-members to the applied moments—called 


in which Dy is the distribution factor for any member. 
es. Lx The carry-over factor can be obtained by reference to Fig. 10 and - Eq. 
35b, which give the slope at point B in the beam AB. If this slope, = 
is placed equal to zero, the moment M; is then the segment at the fixed end ae E 
oe beam AB, fixed at point B, simply supported at A, and subjected to a mo-— ; 


ment /M,atA. The ratio 2/M; is is then th the carry-over factor. 


By Eqs. 35b, with =0, the carry-over factor, Cy = = is, defined 


‘ 


ra 
10 
— 
— 
— 
— 
— 
— 
— 
— 
a 


the fixed-end moments, distribution factors, and carry-over 
the solution of some particular problem ean be found, as ep mien 


of 


= 


| Fixed-End - 
Moments _ 


-0.77 


font 1a +0.23) 


+326) 


+ ¥ 


is ‘Fixed-End 
Moments 


83 
+5.55 


3 


fi, 


moments at will be determined by the moment-distribution niéthod 

a of n= = 3, and these values will be. compared with for the elastic 
“Ta to determine the moments at the 

be obtained. The fixed-en moments for a . uniform load and a a value of 2 


— 
= 
=r 
> 


n = 3 are determined 3. 
= 0.074 X 1 X 100 = 7.40 kip-ft . The carry-over factor na a vee of n = 3 
se is determined by Eq. 44. Its magnitude is C; = 0.61. Finally, the distribu. 
me tion factors are found by Eq. 43, using Eq. 38b to determine J», and Eq. 38a to 
a find k. In Example 1 the value of k = 0. 65 is given for a value of n = 3. Bi. 
By Eq. Ja = 8.02 (C,/l) = = (8. 02/ls) Cn. Similarly, Jee = 8.02 (C'a/lec). 


in Fig. 120), ‘moments the are found. In ‘Fig. -12(b) these 
re en moments are determined for the elastic case for the purpose of comparison, © 


A comparison of these moments indicates that there i is sufficient difference 
ae the moments to warrant consideration in design. Other types of statically — “— 


indeterminate structures can be analyzed in a similar manner. 


Ma ae these methods cannot be applied in the case of creep because they require that 


> 


4 


ath both nc normal and temperatures is important. 
evidence is given and other data are cited that show the validity of the creep : 
I assumed. A theory for stresses and deflections in members subjected to 
ries are then derived for the analysis of statically indeterminate structures in _ 
cases where creep is present. _ Comparison of results with the elastic case shows Gt 


a that there may be an appreciable difference in the values of reactions and 
= 


Dre 
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moments. | _ It should be noted that there is considerable need for ‘experimental _ 
work on this problem. In the meantime, however, this paper shows, in general, — 


The following letter ‘symbols, used in this paper, conform ‘essentially 
American Standard Letter Symbols for Mechanics, Structural Engineering and 
Testing Materials, prepared by a Committee of the American Standards Asso- 
veh ciation, with Society representation, and approved by the Association in 1932: ai 


consideration of the energy methods of structural analysis shows that 


the material be elastic. Other fundamental methods of structural 


bending i is and the values compared with creep test results. Theo- 


how structural analysis i is modified when creep occurs ir in n engineering materials. iG 


— 
— 
as 
iia 
| 
’ 
— 
2 Use OF the 1aW OF Superpu On and ede HUCHCE Ines DY 
mechanical means. On the other hand, secondary stresses in the case of creep 
a. es can be determined since the moment-distribution method can be applied. | 3 
; 
= 
a 
— 


C1 and : 


poe = distance from neutral axis: to b bottom of 


Ll = span length: ls, etc., denote lengths of adjacent spans 1, 2, 
M = = bending moment , subscripts d denoting points about which h moments me 
P- = concentrated load; ter: 


OR: = reaction a at the point nt denoted by subs subscript; L beteoparil 


coor inate distance from the left support; w 
ordinate to an elastic curve; deflection ofa beam; 
angle of curvature between two points onacurved beam; 


by 


fen: 

wis 


~ 


pel bo 


gilt 18, ow bow 


experimental constant; also B, F, m, n, 
nt creep rate: Cy = carry-over factor; ow) 
* 
— 
4 
— 


ae Hrennikorr," Assoc. M. Am. Soc. C. E.—The writer wishes to | call 

attention to two mistakes made in the derivation of the theory of creep as 
presented i in the paper of Professor Marin. ag 
Creep Law.—For the basis of his theory the author (see Eq. 7a) selects 7 4 
the following relationship between the unit | stress s and the unit ‘Strain ¢ 


. ‘derivation of a theory of flexure it should be valid both for the positive and ‘a 
eS "a the negative \ values of ¢ and s—that i is, both for the state of tension and thi 
‘yee state of compression, a requirement whieh, of course, is satisfied by the » familiar Es" 
fae formula that expresses Hooke’s. This condition, however, is true with regard oo 
_ to Eq. 7a only when the exponent n signifies an odd integer. On the ) other ae 
hand, when n assutnes the value of an even integer or of a fraction, this e equation : 
i. under the conditions of negative stress becomes inconsistent, since the left- 
hand side of it is then negative, and the right-hand side positive when n is an 2 
Hite: Eq. 7a would be correct, of course, from a » mathematical point of view if ¢ 
ag ee and s were used in the sense of the numerical values of stress and strain. — 
Ta ‘would scarcely be suitable for the purpose intended. 
The error discussed herein leads to inconsistencies in further 4 


Thus, the basic differential equation (Eq. the value of the bending 


x moment in the beam with the value of the curvature of the clastic line oy ig is 


ae incorrect when n is an even integer or a fraction, since according to this equation ¥ 


eo a negative bending moment bends the beam in the same sense as a positive 


bending moment when n = 2, 4, etc., or produces an imaginary curvature whan 


_ The same error is ‘naturally ¢ carried into the solutions of the statically in inde 
terminate structures, discussed later in the paper. Take, | for instance, Example 
aa oe 1 depicted in Fig.6. The symbols m and M z in this figure denote the numerical — 
¥ values of the end moments, since the arrows representing these quantities ar 
+f shown i in their true directions. The relationship between these moments is v 
expressed by Eq. 266, an inspection of which shows that, should n be taken as — a 
ste a positive even integer, no positive : values of mand Mp B may be found to satisfy 
this equation—that is, to satisfy the conditions of the problem. “2 
x i The author has | been unlucky i in selecting for the illustration of his theory aS 
in Table 3 the numerical values of n $ 41, 3, 5, and 7—that i is, , those specific z 
values for which his theory still holds. Had he used any other values of n the — 
? of his would manifested itself in th the absurdity o of the 
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M oment-Distribution Me ethod —The peculiarity of the stress-strain law used 


by the author makes superposition n of deflections in beams caused by different at 
loadings an illustration of this principle, i imagine a 


couple. Maon end A and free from a any y other applied loads. The couple Ma 
 gauses rotation of the end A through an angle 4. Imagine now a new couple na 


i 4 deformations, and the » additional angle of rotation of the end A, produced by the 
second couple Mz, alone, is larger, therefore, than the o original angle 04; that is, 
the presence of the first state of succeed in the beam has made the beam more 
a _ This behavior of the beam has an important bearing on the validity of the 
~y _ moment-distribution procedure, and it makes evident the fact that in the beam 5% 
aS just cons considered the distribution factor on the second loading is smaller than on vi ae 
_ the first loading, provided that the other members attached to the same joint — ‘ s 
were still unstressed before the second nd loading. T This dependence of the dis- 
tribution factor (and of the ‘carry-over factor as well) on the state of stress 
already existing in the beam may be demonstrated also for the fixed-ended 
beam by going through the necessary algebraic derivation. ‘The : author did 
Sa not detect this dependence because e his beam had been unstressed previous are x 
ae the application of the end rotation. Dependence of the value of distribution — 
q factor on the state of stress in the beam m makes the version of t the distribution ae 
procedure presented by the author erroneous. ands. 
modified ‘moment-distribution procedure allowing for the state of stress 
existing in the beam is “conceivable theoretically but scarcely possible ji in 
a practice. It would be too laborious, since each step in the course of distribu eR 
7 ~ tion would require a new set of values of the factors in each span | of the | 
wa The conclusion reached concerning ites applicability of the method of 
3 moment distribution should not be surprising if bea realizes that this method 
is based on the principle of superposition. 3 hi Gil pre 
Summarizing the discussion it may be stated ‘that the niet: of creep as eS 
_ presented by Professor Marin is valid, from the mathematical ec of view ie 
When the exponent n is an odd integer; i 
2. When the — of the bending moments are known beforehand in all ee 


Parts of the structure. © The value of under these conditions may be arbitrary, 


the moment is not the same everywhere in the structure. Prac tsnt 

ies 


ke 


ia % 
rection. 
ee oof the same magnitude M, applied to the same end in the same direction. eae — — 
. | The second couple doubles the original moments caused by the first couple, ae ae a 
| follows directly from statics, and doubles the original stresses anywhere in 
. | the beam, as may be concluded from inspection of Eq. 17. The strains, how- a 
| more than doubled in view of the nature of the stress-strain 
7 | __ assumed. because the bea bers are working now on the flatter parts of the ae 
| 
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“lated into the validity of treating Hooke’s hypothesis a as 
a a law of nature. J It may be doubted whether Hooke was first to present the 
- hs, suggestion that strain is approximately proportional to stress, since it appears 
im in the Mariotte-Leibnitz theory c of flexure following the publication of Galilei’ 8 

that early date, or heat and maguetion were 
as imponderable chemical elements This viewpoint (that of 

plete ignorance of intermolecular forces which oppose elastic change in form) | Bs 

the adoption of the infinitesimal point hypothesis of Boscovich, 

_— which embodied a complete disregard of the temperature change incident to ‘te 

application of the load.” oo! hye odd 

Now this temperature change which takes place upon the application Pa: 
the load furnishes a measure of the magnitude of the load, as described by the 
writer in 1902. The first practical recognition appears in the work of testing 

s the rolling mill where, by varying the speed of the machine i in testing, the s rt 

— could satisfy e1 engineers who wanted soft steel or others who wanted “oe 
medium steel from the same metal with a different speed in testing. Thus, a ® 
from the same bar, it was possible to develop, for soft | steel, a 40, 000- “Ib os He 
4 ,000-lb yield point with an ultimate strength of 58,500 to 60,000 Ib per sq in., ‘% 
a satisfying the college-trained engineer who wanted soft steel; and again, __ 
Sa increasing the speed in pulling the bar, a yield point of 44,000 to 45,000 Ib 


sq in., an ultimate strength of 60,000 to 62,000 lb per sq in., 


The shift of internal resisting the external force is kinetically 


y +% double the external work, and from this relation the physical properties of the 


metal may be ¢ coordinated.’ the elastic strain thus involves” not only 


nee as the thermo-elagtie. temperature change 


4g An Elemen Treatise on the Mathematical Theory of Perfectly Elastic Solids, weit a ee 
Account of Viscous: uids,”’ by ‘William: J. Ibbetson, Macmillan’ and Co., London, and New 
Traneactions, Soc. C. E., Vol.” XLVIII, August, 1902, p. 140. 


is inadmissible even in cases when the for 
must also be kept in mind that the theory presupposes constant loads and 
one a seems to be inapplicable to simultaneous action of loads of different duration, A 4. is 
oa im 
is 
— 
we 
ti 
— 
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‘The energy of this temperature change upon application of the load in 
the final state and is independent of intermediate states as opposed to the $ 
external work, which is measured kinetically by the mean force times the 
pare at the Kkinevic OF 
@Longation Du mperature change as well, 1t 1s apparent 
will shift to the static bala 
dissipated by radiation. It further appears that to the exten 
el is homogeneous the temperature change will be proportional to the applied — i. 
— 


"TURNER ON MECHANICS OF CREEP 
- force ‘and, when this th eatiesal limit of elasticity i is exceeded, a range of imperfect a 
elasticity is encountered before the development ; of the yield point of the inal. prise. 
As this range of imperfect elasticity is developed, the cooling effect of tension ae: 
- js reduced until a a radical heating effect is developed, with flow of the metal. sees 
The shift from kinetic to static equilibrium. was discovered by Kelvin, who | KG 


* 


attributed the effect to viscosity instead of the radiation of temperature change ey: 


to the application of the load. Kinetically, the internal energy 
q is double the external work, but this kinetic external work i is } but five — 


Hooke’ 8 : hypothesis is in no o sense a a law of nature; it is inexact. unless the 


time element is taken into consideration, 


:. ja In his work on | the manufacture of st steel, H. H. Campbell” found that . A 4 
rate of 0.1 in. per ‘min, : 


a yield point of 45 000 lb per sq in. was developed. 


haps static elongation i is granary to the load ape and there i is no ass 3 
increased elongation. The situatio 
bending or other harsh treatment. 
Residual strain ‘presents a kind of elasticity its own, best illustrated by 
cold bending some ti -in, square rods i in a! half circle with a 3-in. radius; then 
"placing the horseshoe type specimen in a vise and sawing kerfs + in. deep and 
hi in, apart, the distance between the ends of the bent piece will be decreased. 
4 when taken from the vise. _ Reversing the ‘process a and ‘sawing the kerfs on 
ee the outside of the bend, the ends will again spring in n or will p: present a a sharper 


as When nner measurements of stresses in concrete floors were a fad 9 
| student investigators, it often happened that they measured, according 


( strains one and one-half to one > and Gaeamnens times as great : as the = é 


‘and steel was: considered little less than the yield point of the metal. wi ‘With = 


- point, failure occurred under a sufficiently | large number of repetitions. — 


| _ Instead of recognizing a range of imperfect. ‘elasticity beyond the 
elastic limit, the metaphysical range of stress formulas of Launhart and ‘Wey- ‘ 
2 “Manufacture and of Structural Steel,” by H. H. Campbell, 1896. 
on of Materials, “by C. A. P. Turner, Pt. I, p. i. 
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™ and decrease its curvature. This change in form is caused by upsetting the 
or kinks in small rods give rise to erratic results.) This kind of residual creep 
has never received the attention it deserves. dates 
a 
"th, 
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rauch was based | upon the assumption of fatigue within this natural j 
limit where none was developed by experiment. eats 
With the passage of time these ranges of stress formulas: have been 


this limit is ‘exceeded, work has been done i in the molecular mg 


Recalescence points in melting Or cooling of metals are recognized as points 
where the molecular formation undergoes modification. example, soft 
ingot metal of the cubic system presents molecular kernels of eight atomic 
¥ ‘spheres. rolling, this structure is is broken down, and body-centered, nine- 
atom kernels appear. Again, drawing into fine wire, the body-centered forma- 
ee aie tion changes to a face-centered formation, and the increase in strength under ee 9 

f the law of attraction is as the ‘square of the number of atoms in the kernel. 

fi 


igh-Temperature Creep- —At higher temperatures, a shift of molecular 
. structure may take place in a manner similar to that occurring at the recalescent 6 : 


a points of the metal, developing the so-called phenomena of creep at high MY : 


hypotheses as that of elastic reaction. Volume, rather than elongation, is. 
wy the correct measure of the effect of an axial force. Tension i increases volume _ 
ae and compression reduces volume, and, although the same force causes equal a 
ig volumetric changes whether from tension or compression, the temperature B's, 
ae 4 changes differ less in magnitude for tension and more for compression. In 

rete accordance with the law of volume, | increase of volume is endothermic and 
Be yee _ decrease of volume is exothermic. This fundamental physical law destroys — 
the basis of Lorentz and Einstein’s calculation” of the -interconvertibility of 

energy and mass and proves the irrationality of that characteristic energy 
a of matter developed mathematically from a literal expression of Hooke’s — 


5 In a a conservative system, the distribution of energy depends on 


i 


in the philosophical treatment of The Encyclopxdia Britennica. 
fantastic idea that one-quarter gram of matter has an intra- -atomic 
Te energy equivalent to that developed by the engineer in burning 5,000 tons of _ 


is a dream: _ Not only has the elastic action of been 


New ew International Di ictionary (unabridged), 2d Ed, , 1934, p. 847—m = ; “Problems of 

‘Modern Physics,” by H. A. Lorents, Ginn and Co., Boston, Mass., and emt York, N. Y. Y., 1927; “World of 4 3 

Atoms,” by A. E. Haas and H. s. Uhler, Van New York, N. 1937, Pp. 112-113; and 

Phe Encyclopedia Britannica, 9th Ed., p. 207; also “Elasticity, Structure, Strength, and Chemical 

Action of Materials,” by C. A. P. Turner, Pt. Pi 

Com Treatise on Inorganic and Theoretical Chemistry,” by Joseph W. Mellor (Long- 
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have invented a perfectly imaginary ideal gas in which the molecules have t 

volume and occupy no space. Because all gases have been liquefied and ( 
{ 
2 


'S ceeaet gas from the gross volume to find the net volume capable of com- 
=: a pression in accordance with the laws of Charles, Boyle, and Gay-Lussac. Sania 
Professor Marin’s creep theory for beams embodies the assumption thata 


plane section before bending remains plane often eae Among the infinite! 


the creep correction of Professor Marin, the maximum tensile stresses at mid-— 

a span and those over the support will be calculated anywhere from 15% to 30% 
greater than acten and. the maximum compressive stresses will be epproxi-; 


: the restrained, and continuous beams and and greater the then 1 those en-seoreeien by i 


to force) lies in the fact that, under lateral 

_ extension occurs without any force or component of the applied force to account — 
_ for it. Some have endeavored to explain this by a misconception of shearing ae 
stress; but the shears, as in beam action, can be developed only by principal 


a force in its direction of action to account for its development. . 3 | 
Es. +9 The elastic ¢ temperature creep (that due to 0 radiation of temperature change 
nD application of the load) discloses ‘the irrationality of the dynamic stress — 


theory because the kinetic external work is but five sixths of the static; ; doubling = 
; it would be one and two thirds. _ Because the yield point, before radiation i is 
six fifths that after radiation is complete, the general effect of the : suddenly z 
applied load in developing the yield- -point value is but one and one-third times " 
the gradually applied static load, instead of load, taught i in hand-— 
a Initial tests of newly cured reinforced-concrete beams disclose that ‘steel mo Ys 


_ stress times its lever under moderate loads i is customarily 207% to 30% less than 


the applied ‘moment. This inequality ‘creeps out of e existence under repeated 
q loading. — - Textbook authors } point to it as evidence of the operation of tensile 


P, 


evidence of its, value of conerete tension in “flex 
Fequiring a “more logical explanation. 


the concrete matrix crystallizes, it expands, inducing tensile stresses in 
BS the steel o of a a magnitude | of 4 1000 to to 6,000 ib per sq in. The reaction ee 
4 ‘steel stresses induces. a state of residual compression in the concrete about A 
2 the metal and, because the reaction to residual strain is antipodal to its elastic 
counterpart as shown by the cold- -bent horseshoe bars, the resisting moment 
fis, is that of steel stress times its lever plus ; residual compression i in the concrete 
times the same arm, with the joint effect equilibrating the external moment. __ 


= Some deformed 1 reinforcing bars yee their top and bottom surface under 


esidual strain from rolling has been thrown out . of balance by the Teduction 
wee, 


| 
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of sectional area. As in the e example of the initially cured 
= residual strains are dissipated by repeated loading. After years 
Painetaking investigation, Bauschinger* concluded that sound metal, rather 


than being fatigued or brought nearer to rupture by ‘stresses from 


_ An interesting example of apparent creep or downward motion of the sania . ee. 
of reinforced-concrete beams was developed by the National Bureau of 
Standards" under the direction of the late Richard L. Humphrey, M. Am . Soe.’ 
E., in connection with the joint committee of the Society. In locating the 


position of the neutral plane, Mr. Humphrey and his’ committee assumed that 

A. ss this locus would be found where the longitudinal compression ‘passed through © a 

: - gero, as in homogeneous beams, but that this locus crept downward as the a 
‘increased. In the reinforced-concrete beam, the shears between the 


Bet corerer of the steel and compression i in the concrete are ‘equilibrated at the steel te be 


instead of at the locus of the centers of rotation. 


a In the stress mechanism of a “homogeneous b m greatest com- 


6 -_ pression above the neutral plane pair with the lines of greatest tension below it 
intersect the neutral plane at 45°. In the concrete beam, because the 


‘shears are equilibrated at the bottom about the ste el, the states of right 

a: _ shearing stress as centers of rotation are twisted 22.5° from their position in ey 
the homogeneous beams. ‘This: causes the lines of greatest compression to 
* pair with the lines of greatest horizontal shear, intersecting the neutral plane — 
oe 22.5° instead of 45° so that the ‘neutral plane is compressed longitudinally — . 
proportion to the applied load, causing the locus of zero compression to 
creep downward as ‘the load is increased. Elastic deflection of a concrete 


beam, therefore, increases more rapidly than the load because of this 


Failure: to grasp this relation has led to the | ‘unscientific 
a stress distribution in the compression zone and general confusion a 


mystery regarding the co-action of metal and concrete, limiting the 
~ ception of the field of investigation to that of concrete ribs foncionine | as steel 
7. No progressive achievement resulted from the deliberations of the Humphrey 
. because they failed to grasp the idea of monolithic action in economic — 
- eonstruction and the nature and distribution not only of shearing stresses in 


homo but of twisting stresses in Plates. The ‘stress mechanism of both 
and d reinforced- concrete beams and d plates has been develope by 


sation of forces | because lateral cca 
under force with no of that force to -secount for its 


““Concrete-Steel Construction,” by H. T. and C. A. P. Turner, Minneapolis, Minn., p. 
mate? i > a Technological Bulletin No. 2, National Bureau of Standards’ experiments on concrete beams. __ 
“Elasticity, Structure, Strength and Chemical Action of Materials,” by C. P. 
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embodies nothing ‘more: complicated | than common school arithmetic, which 
- should render it popular with the poor student who has labored wanna 
Z s tedious differential equations of mathematical theory, unrelated to the physical — 
properties of actual substances. TER, 
-" The college textbook theory | of the nature of | tension and compression 
embodies the spheres of exclusion developed in 1650, and the foundation o 
, § mathematical elasticity is the infinitesimal point hypothesis of Boscovich of bet 
that same modernistic date and generation. _ wee 


af 


W. Srewart,”® M. Am. Soc. C. E.—The increase 
permanent deformation of a highly stressed structure, which the author calls 
“ereep,” has been given little attention in civil engineering literature. In 
4 


In the writer’ 8 early practice he noticed that the 20-yr-0ld joists = 


we 

R 


inh 


y ‘manner of the plastic fic flow in an overstressed i structure. . In fact, t he d stinction 


between creep and plastic flow is narrow and seems to depend on the tim 


2odulus ight and num er; (the gravita- — 
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— 
— 
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beams continuous over a number of supp ents afterthe 
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Fro. 14.—Anatysis INCLUDING THE Errect or Creep 
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Fig. 15.—ComParaTive ANALYSIS FOR THE Evastic ¥r ral 
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effect of creep | in the stress analysis, but i in designing continuous bridges end 


| is that at some points the stresses would be sufficient to cause creep but that at — 
. ‘ a other locations (except on rare occasions). the stresses ‘might be too > light to 
| cause creep. This would make the stresses due to creep discontinuous, whereas 
the elastic would be continuous. 
writer considers to be erroneous—namely, the reference to end-moment distri- 
_ bution as “basic” in character and “fundamental” in nature, and the statement 
‘that it should be used for computing moments which include the effect of creep. a 
ths basic constants of beam flexure for any beam are illustrated by Fig. 13 Me 
which shows the elastic curves, their tangents, and their long chords for the © 
three different conditions that yield the basic constants of flexure. The os 
illustrations can be considered as depicting railway curves or any geometrical 
_ curves, aad the properties may be considered as geometrical rather than me- 
- The basic constants of flexure read from these figures are shown in _ 


pact 


” They are the best and the minimum number of constants. necessary — 


4 The distribution constants are not basic bets are “derived” 3 


stants. tapering members or other special conditions they become complex. 


bse conan of flexure a and which does not use e any form of ae > 


in that there are no of to add, pee its result is more e accurate 

than the author's. It will compute moments to any predetermined degree of Ey 
accuracy in one operation. does not involve the the use of simultaneous 
equations. Except for the last operation, it has an automatic check by 

_ Maxwell’s theorem of reciprocal deflections. The writer therefore contends’ 
- that the author’s statements regarding methods of computation are incorrect 

and that they tend to perpetuate a now common practice of to select the 

most effective method for analysing a large “ structures. 

Josmra M. Am. Soc. C. E—The writer, ‘is greatly in- 

debted to Professor Hrennikoff for - pointing out two errors in this a 


W ith reference to the first one, it appears tat the limitation i in ‘using onl; 


_ proximations involved in formulating a creep-stress law are considered and 
when the necessity of extrapolation is noted. . If the test data. on the material 4 
_ Warrant a more accurate analysis tl than that i indicated by the use of odd in- 
; _tegers for n, it is always Possible to solve the problem for two successive odd 
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_—— determined ¢ at each step ii in the moment-distribution procedur 
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aay nit suf lowni 
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superposition ¢ does not apply, and noted this i in the paper (see heading, “Stat. — 


ically Indeterminate Structures: Example 5’ The general theory. given in 
the paper (“Statically Indeterminate Structures: Moment-Distribution = 


od”) appears to the writer to be correct. The application of this theory = 
Example 5 is ‘incorrect as Professor Hrennikoff points out. ‘That 


- The comments of Mr. Turner are of considerable interest and importance oa 


in the general problem of f behavior of materials subjected to stresses. The 
validity of the assumption that plane sections remain plane i is based on creep- a $ 


tion and point of view. However, the analysis given ir in Fig. ‘15 has mpl BS 
‘merit. This analysis, applied to the case of creep, gives similar results 
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structures is significant. In many problems, creep may not be important, and | 
‘a some cases it may be desirable to develop methods of analysis. The use of a 
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Dwicut F. GUNDER,? bi 


Certain irregularities appearing in the surface profile curves for pene ee 


varied flow are discussed in this paper. These irregularities occur under — 
conditions i in which the depth of flow is less than both the normal and critical — 


Bs a ‘haan 1 is integrated for the case where the Chézy coefficient is given by the 
Manning relation C= = 1,486 — Asa of the contents of this 
paper, the curves for a variable Chézy ‘coefficient the Manning 
features of the equation of gradually varied flow, plus a 
; on the part « of 1 the writers of what these curves should look like; ged Ixtaosinos rs Pde 
(2) The use e of the differential equation of gradually varied flow : at depths 
below both the critical and normal depths should be restricted, in that S 


‘coefficient given by the Manning relation i is for of 


e =. Notation.—The letter symbols in this paper are defined where they first 


“appear in and are” convenience ‘of in ‘the 


calculating profile curves for gradually varied flow in open 


channels, using the method in combination with the 
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differential equation of varied flow, the writer found certain irregu- 
larities in the results. These irregularities consisted of deviations from the 
‘ea general shape for such curves as are found in the standard texts treating the — ie 
subject of gradually varied flow. The deviations occurred in the case where ~ = 
the: flow was at depths | less than either the critical depth y. or the normal ve 
depth Yoo - (Hereafter, i in this paper, curves es satisfying these conditions of flow 
will be indicated by the subscript 3;** that is, in the case of a mild slope, ee 
es Yo, that part of the profile of the surface of flow for depth ; 4 
be indicated by the symbol Ms. 3.) A point of inflection appears in n the 
ae calculated curves of this type (3), pHa! such a point is not shown i in the ee 
s usual textbook graphs. Although not so stated in most of these texts, perhaps 


_ the surface profiles for gradually varied flow have been sketched from a combi- 
i. . nation of certain qualitative features of the equation, plus a knowledge of a 
th the forms which these curves should take. In this paper the usual differential 
: hace equation will be re-derived, giving the result in a lucid form, and the correct a 
_ profile curves corresponding to this equation will be drawn, assuming a Chézy - 
= varying according — to the Manning, Bazin, o or Ganguillet-Kutter SB 
‘relations. Further, the related academic problem of integrating the differential 
equation of gradually varied flow with variable Chézy coefficient as given 


by the Manning relation will be. solved for the case of a wide | rectangular 


ar. It is recalled that the general equation of varied flow is obtained as follows? 


The mean total head Ey at a cross section is ‘given by, 
is the velocity of flow, g is the gravitation constant, y is the el 2 
horisontal datum, Differentiation of this equation with respect to z 2, the 


total head, is assumed | to be the same as if the flow were uniform, iat reliane 2 = 
ee wc Chézy relation, will be equal to — , C being the Chésy coefficient 


and R the hydraulic radius for the section of the channel under Saeco z 

4 If b is the breadth, A the cross-section area, and Q the tote ll discharge a across 3 

the section of the channel, then the expression = can be modified by 


29/ 
Bee, for example, “Fluid Mechanics for Hydraulic Engineers" by Hunter Rouse, MeGraw-Hill 
Book Co., Inc., New York, N. Y., and London, England, 1938, Ist Ed., pp. 288 ef seg. aa Sats 3 t 
* “Hydraulics of Open Channels,” by Boris A. Bakhmeteff, McGraw-Hill Book Co., Inc., New York, | 
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So, and Eq. 2 2 becomes, 


Since in the remainder of this paper the writer is interested only in 

_ ease of the broad rectangular channel, the general Eq. 5 will now be seopliter! tee 138 4 
accordingly. follows at once that for such a channel R = = y, and that for 
-g unit width of the channel A = y (Q will be retained but is understood now 


be the discharge per unit width of channel). 

As! Remembering that the H of t channel 

bottom is given by He- =y and | ay 


milar manner, by noting that at the 1 depth the 


= — S,, it is seen that, for normal conditions of f flow, ete in att 


lt Zz 
=< 
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of Eq. 5 
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in which C, is the value. of when flow is at normal Whence the 


In, Eq. lla the relation of the slope ‘a the surface profile to the critical and 
4 normal depths appears in easily recognized form. — This equation is valid 3 
ar , when So is positive, negative, or zero. In the latter case, the sere simplifies 


The factor C may now be replaced by any. one © of the three expressions for ie 
as given by Manning, Bazin, or Ganguillet-Kutter. For the moment the 


ie will be used. This value, when substituted i in Eq. ‘lla, gives at once, 43 


3 vat Eq. 13 it is seen at once that the surface is vertical (a theoretical condition ‘g 
43 ‘only, since the postulated uniform flow condition is not satisfied here) on 

ion _— only at the critical value but also at y = : 0. Consequently, there must be a 
point of inflection in the type curve (except when is ‘greater than, or 
= equal to, Yo). To find the location of this point of inflection, Eq. 13 is differ. 


‘  entiated with respect to x and the result is equated to zero. This gives: 


9 yey yon 10 


solution of Eq. y is seen to ‘upon. both y. is 


- much less than yo, , the resulting value of y is ‘small and this point of i of inflection za 


ae 


is near the bottom of the channel; but, if ye Je approaches 4 Yo, the value of y als 
approaches Yo. Even for the value y. = >, the inflection occurs at about 


‘ad 
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CS it is 
and Eq. § 
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relations, is used i in Eq. lla, the inflection ther the, Basin. stil 


js so close to the bottom of the channel that any error introduced by i ignoring — 
case , the point of inflection 


If integration is in the of type 3 curves, the 
= Chézy coefficient C should be determined by either the Bazin or Ganguillet- — 
Kutter relation and not by the Manning r relation; 


AOD 


_ (2) Perhaps the backwater curves as drawn in the ‘standard texts : are 


based upon constant coefficient C rather than one the 

4 4 
| 
| 


tt 


3 


= 


for flow in a broad rectangular channel, using a 
of variable Chézy co coefficient as determined by the Manning relation, and the ee 
S forms of these ‘profiles as sketched in texts for a constant Chézy « coefficient, 

3 the sketches of the former curves are presented in Fig. 1 to be contrasted _ 


the latter curves as found in textbooks. 


Gee conclusion in the closing discussion, p. 504. 
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The differential Eq. “18 is not difficult to braarwac In fact it may b 


Although the details are somewhat tedious, of can ‘be | 


(0.309 — 0.809 loge (y** + 0.618 + yo) 


| + yo) loge + yo] — loge lye — 


(1. 902 + 1.176 176 y*,) tan” a (yu + 0.300 ¢ | 18) 


In the formula for the substitution factor K (see Eq. 18), the various 


mis 


— 
2 
: 
q 


have been left to the base e to facilitate ich with the sl slide rule, by which 
results can be obtained quite quickly. » ko! ddd 
a The foregoing solution enables one to draw quantitative graphs of th 
# various profile curves for the « channel type considered here. — a Further, although | 
it is not practical for accurate calculations of flow in natural stream beds, 
is convenient for making approximations in such canes and 


: geen integration for zero ) and negative channel slopes | is included in 
integrated forms 17 and 18. However, the indeterminate forms appearing 
e the case of zero slope make it advisable to integrate Eq. 116 al this: case. ne 


xia integration is elementary and leads to the profile equation, — 
of wh ye: z= 13 
n ‘aie n is the Manning roughness factor. 


he following letter symbols conform essentially with the Society’s 8 Manual se 
No. 11, 
draulies,” and American Standard Letter Symbols. for Hydraulics, prepared 
by a Committee of the American Standards Association, with ere bat 
sentation, and approved by the Association in 1942: 
the area of the cross section of the Seu: ts 
= the breadth of thechannel; 
whet the Chézy coefficient: C. = - Chézy coefficient for normal depth | 
a flow; pplies 
E, = mean total head 
the gr gravitation constan 
ts. ‘the height of the specific energy line above t the channel bottom; 


= the channel bottom n arbitrary 


yor 


‘and the determinstion ¢ f the 
the origin will is readily seen minds 
thee of integration so of the chann abineds but tha gives 
constant ith the bo Id be comb im 
anning relation for C, 
thin result; devending 
— 
— 
— 
— 


“OPEN-CHANNEL 


“part of the surface profile for a mild slope and: of 


duu the distance measured parallel to the channel bottom; 
= the depth of the flow at any section: “ton 4 al 


‘ikem feos: = the depth of flow for critical flow conditions; sand of, 
=the normal depth of flow. 


moe 


ki 
» 


‘J 
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This i is demonstrated clearly by Professor Gunder. The question 
q arises as to which of these is the true shape of the profile in a stream or canal 
- under the conditions producing this type of backwater curve. Obviously, both — 
cannot be correct. If there is a point of inflection in the curves, as stated by the Fee = 
author, then the curvature will change from concave upward to concave down- 
ward and the length of the surface profile would be materially reduced, in — D 
‘consequence. » If this change in the shape of the profile actually occurs in na- — 
‘ture, it is strange that this fact has not been revealed before. Such a change — 
 gearcely could have passed unnoticed by engineers taking levels on profiles under 
the conditions necessary to produce this phenomenon. Itseems more plausible _ 
to the writer that this discrepancy i is caused by some error in the assumptions — 
involved in the derivation of the backwater equations rather than in the failure | 
to observe the physical facts. The discovery of this anomaly in the general — 
- equation of surface profiles leads one to wonder if the application of the equation bs 
to the solution of the shapes of other types of profile curves may not result in spec 
errors that are not so readily detected. x 


ao _ Although the study of surface profiles in open channels for gradually wed ‘ 


ie "experience is limited to the special backwater curve produced then a Parshall 1 

3 ome? is installed in a a canal, _ Since the Parshall flume constricts the. channel, i 

there i is an increase in the depth of the canal above the flume. The amount of. be 

= this i increase has been determined by tests on flumes of various sizes for a wide — oj 3 pale 
4 range 2 of discharges. This increase in depth extends upstream i in the canal and, eens,” 

4 since the head gate and diversion dam are usually only a short distance from the. ae 


be assumed that the hydraulic radius is equivalent to the To determine 
the effect of backwater, it is therefore necessary to divide t the canal into s sections — Bs ; 
or which the length, , corresponding to an arbitrarily chosen change in depth, 
an be computed. This is a tedious process. It is hoped that the author will — 
derive a simple to to the ow surface profile ‘this 


special case. 


Posgy,’ Assoc. M. Am. Soc. C. E.—Upon reading of 


_ wavers between two conclusions—that Professor Gunder is g this pep that the 


‘Irrig. Engr., Div. of Irrig., SCS, i 8. Dept. of Agriculture, Colorado Experiment Station, Fort r a 
3 


__ §“The Parshall Measuring Flume,” R. Parshall, Bulletin No, 428, Experiment Station, 
Associate Engr. Inst. of Hydr. Associate Prof., Hydraulics tructural Eng. 

of tows, Towa va Cit 


Cart Ronwer,' Assoc. M. Am. Soc. C. E.—There is considerable 
ence between the shape of certain types of profile curves as generally shown in 
pee 
il 
it: 
— 
— 
— 
— 
— 
— 
— 
Parshall fume, the problem 1s ae ermine whether ne rise = he 
id a ___ be sufficient to make it necessary to increase the height of the diversion dam. Ses i ee 
| 
| 
i= 
— 


3 curves in of mild, zero, adverse, or critical slope. According to 
the Ms, Os, and As curves start perpendicular to the bottom of the 
ae and are concave downward for some distance before becoming ale i 
upward, Previously published | sketches of these curves have shown them a 
concave upward from end toend. The C; curve in Fig. 1 starts upward perpen- 
dicular to the bottom and is concave downward all the way to the critical depth 
Tine. Heretofore it has been shown as ‘a simple horizontal line. ibnowstiae vsti 
; ee _. Actually, the discrepancies are one as serious as one might infer from exami- 
Ss os ia “nation of Fig. 1. The author himself states that the point of inflection lies near — 
__ _ the bottom of the channel—very close to it if the Bazin or Ganguillet-Kutter _ 
fx expressions are used for the Chésy coefficient. Even if the Manning relation- be 
ship is used the discrepancies are not important. In drawing small-scale 
. __ illustrations such as Fig. 1, the true shape of the curves often must be modified. : 
— Fig. 1 has been 2 obmembat distorted is shown by the fact that the curves 


ey ae otart up from the bottom at right angles to it, whereas, according to the text of — ‘ 


which i is the most surprising result of Gunder's studies, and which 
Rae Bersrepe the reversal of curvature necessary, can easily be shown to be consistent 


baa ans 


Bp reery is scarcely changing at all. In a rectangular channel the rate of change 
of velocity head, with | Tespect t to distance > along t the e channel, is is given x fe cite 


loss i is “derived almost ‘entirely from the change of head. 
pee th values given by. Eqs. 20 and 21, and changing signs to allow for the eT: 


tr tive sign of S;, one finds that for A close to zero 


a _ From this expression it is evident that if any fecnanie 1 is used in n which C: ap- 
oe proaches zero as y approaches zero, , the corresponding water-surface slope will 
Fee ioe be infinite. | _ The limit is entirely theoretical, of course, representing a a flow con- 
SEP _ The ev evaluation of friction in the region near this limit, where the the velocity ot 


i is many times the Belanger critical, is very uncertain. ‘Iti is customary 


ter curves show: 
rd 
= 
lose to the bottom of the channel 
— 
— 
_ 
— 
— 
‘A 
— 
— 
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POSEY on oP OPEN-CHANNEL 1 FLOW x 
‘uniform flow : at the same depth . The rate of loss i in uniform flow is 


certain to become pulsating or “slug” flow rather than uniform fow® 
- Although uniform flow at the high velocities existing in the lower genres of the — 


Pe amples of computed profiles for a common case are shown i in Fig. 2 ore du ae 
; - hartge of 507 cu ft per sec flows | out from under : a gate into a channel wit 
horizontal bottom. Flow is from left to right in the figure, and two possible 
onditions of flow starting from different gate heights are shown. 4 The Manning ee 
formula is used, with n taken as 0.016. If the bottom of the gate is 10 ft above cane 
. the horizontal bottom of the channel, the water is backed up to a depth of 50 ft 
~ behind the gate. If the bottom of the gate is 4 ft above the bottom m of the — 


channel, the depth upstream becomes 254 ft. In either case the ‘water-auriace 


“vertically at a point 3 (370 ft downstream from the gate when the repening is 


ft, or 6,250 ft downstream when the. opening is 4 
Gate for 
= 10 
50 


af 


at sidbiditin. Tey 


Distance A Along Ct Channel, in n Feet 
woe Fra. —Waren-Surrace PRorites oF THE 20: Tyre, Basep 


_ Water-surface profiles computed using the constant value of C which corre- 
sponds to the median value of y are also shown in Fig. 2. The curve downstream — ee) 
a from the 10-ft gate . reaches the critical depth i in 9 distance of 3, 500 ft, 4 % in 1 3 . 
= excess of the value given by Eq. 19. The curve starting at the 4-ft gate reaches ig 
critical 6, 760 ft downstream, a distance 14% greater than that given 


be greater for 


*“A Criterion for Instabilit; of Flow in Stee 
‘Transactions, Am Am. Geoph: nion, 1940, Pt. 


however, whether any open-channel formula has a proven range extending to 

e yelocities greater than twice the critical. Observations of extremely high 
Bes 

— 

il 
ie 

— 

— 

f 4 — a 
annels,” by G. H. Keulegan and G. W. Patterson, 


BAKEMETEY AND FEODOROFF ON OPEN- CHANNEL F FLOW 
AND 


eS oueller gate openings, the 4-ft gate opening is already beyond the range of 
values likely to be encountered in practice. The discrepancies could be de 


rather than the median value. For example, with the gate at 10 ft, a value of a Ri nf 
- corresponding to a depth of 13 ft t gives a result differing from that computed dby — “y 
| With regard to simplicity, it is not much easier to use a constant value of e ike ee 


great saving in labor over that required in using Eqs. 17and18. 
From a practical viewpoint, there : seems to be little choice between ‘results 


‘coefficient. The effect of channel will ordinarily bec of greater importance. 
__ Until a comparison has been made with data from variable high-velocity flow i in 4 
o vid wide rectangular channels, neither method can be considered to have superior “i *t 
accuracy. The author's prediction n of a reversal of curvature in 1 the type 3 
curves, a phenomenon which may be observable in channels of any — ‘fl a 


nener, he 8 just what we've been looking for” 
and, when he had read as far as his general differential nein for the surface — ¢-. 
—_ mathematicians loose on some of our ot! 
the page, that innocent looking thing the Professor states difficult 
& integrate” loomed out of the darkness like the iceberg did to the Titanic 
wrecked everything. Iti is suggested that the Professor be sentenced to 
"prepare a table of values of his K-factor, in terms of Y; Ye, and yo, varying by : 
— of feet to 50 ft. One wonders how large a volume it would make. 7. 
However, it does prove that, ‘defining the friction factor by the 
az ee relation (which is purely empirical and dimensionally incorrect), the surface 
profiles, determined for a unit width of a wide channel (which does not exist), e 3 
contain points of inflection in in the Tange where depths are less than ei either 
or “critical, in which range the Manning formula: does -not apply! 
Professor Gunder did quite well with his disclaimers, but he is challenged to 
3 After all, it appears as though | hydraulic engineers will just have to struggle — 


= along with their old step-by-step method of ¢ computing 1 water-surface pr profiles. a 


Boris A. Baxumererr," M. Am. Soc. C. E., anp Nicuouas V. Feopororr,” 

Esa. —A serious error that has remained unnoticed in hydraulic 
- for years has been disclosed by Professor Gunder. 4 As correctly surmised by q 
os author, the shape of the so-called M; surface curve e, traditionally y presented — 

= textbooks, dates back to the past century, when varied flow profiles were — 


: 4 ey pis -* Tables of Bresse’s function for adverse as well as mild and steep slopes are given in “Hydraulics of 
ing inO M. Woodward and ohn Wiley & Sons, New 
Prof., Civ. Eng., Columbia Univ., New York, N. Y. 
* Research Dept., Univ. New York, N. Y. 
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first the of broad ad rect channels, 
with the further simplifying premise of a constant average Chésy factor ¢ é 
applied over the entire range of depths. — pg, these special conditions, ‘the ae 
outline of the M concave dz > 0; < 0) for all the 
x 


dz? 
D 


te ding toward a approaches: the critical value. A f further 


fa to. be taken into account is that within the ED reaches the 
r profiles happen to be very “flat,” exhibiting (except near only slight 
curvature e and, on the whole, a line. means: that 


‘Therefore, the over-all concave M rprofile, initially deducted for specific con- : 


Po ditions, was inadvertently extended and assumed to apply i in all cases, W without 


For such unpardonable negligence, the senior writer, as the author of a manieal 3 
: pecially devoted to varied flow, presents his humble ‘apologies. It should 
2 be stated, , nevertheless, that at least i in some texts" the ero of the M curve E 


from 
from the varied flow equation cannot 


Professor Gunder refers to the features disclosed by as “irregularities.” 


It i is only proper to qualify previous ideas as plainly erroneous, and to accept 
the author’ s discoveries as regular characteristics of the M; varied flow curves, = 
especially as these properties seem to have a broader significance than that 
: Suggested by the paper, and as s they y will be | found to obtain quite generally, 
irrespective of the particular formula used for the C-factor. tos 
_ The following analysis complements Professor Gunder's pioneer findings, 
* biel from now on should replace all former ideas relating to M;-curv i 
hiss, his discoveries are interpreted in the light of experimental evidence. 


OF 
pat (1) The first deduction, drawn by Professor Gunder from Eq . 13, is that 


theoretically | becomes vertical at y y=0. Asa matter of fact, this property is — ee 
not to be limited to any sinsthéules form of channel or to any specific friction ay 
formula. | Indeed, it constitutes a general characteristic which applies in all 2 
instances. In the general v varied flow equation betow 


data the depth | approaches zero, the unity factors both in the numerator ed 
denominator become small by comparison to the second members, and can 
be omitted. Accordingly, with S, A. Ro C. = Q, the limit of the surface 


‘ by Bakhmeteff, MoGraw-Hill Book Co., Inc., New York, 
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which is the ‘critical slope.* For small depths, P tends 
which cy is the dimensionless friction drag coefficient in the average wall 


By re reason of its physical essence, as well a s theoretically i in the customary = 
Bazin, Ganguillet-Kutter, Manning, etc., relations, the C-factor for y-0 tends 


) 


— become zero, , making the ‘critical ‘slope and thus Dn in Eq. 25 infinite. Be 
Note that this feature does. not ; depend on the value of the channel sl slope S,. 


ae In other words, all surface curves, both of the M 3 and the S; class, tend to Ay 


(2) As Professor Gunder infers, properties derived from the y—0 region be 


purely theoretical conditions. The important practical effect, 


nevertheless is that in the reach of small depths the M,-curve bei convex 


< 0), and that at some > depth Yi, , between y= =0 and Y= Vo 


a Mb Ez is an inflection of curvature, with the surface profile changing from | con- 
vex to concave. The paper conveys the impression that the eventual location a a 

of ys is particularly | affected by friction coefficients expressed through the fe 

_ Manning formula. In fact, the paper suggests (line 12 following Eq. 14) that 

- * * in the range of type 3 curves, the Chézy coefficient C should be deter- o 


mined either by the Bazin or Ganguillet-Kutter relation and not by the Man- 


ning relation.”” The 2 ‘apparently i is actuated by the desire to ae 


should not try ‘to facts. What really matters is whether 


pr -operty in question is actual or not; and under all circumstances the selected 4 
- formula should be the one that is known to comply best with established z 
reality. Unfortunately, very little i is known about resistances in n rapid (shoot- 
ing) motion. In such a region investigators use formulas and coefficients i 
eer deduced from observations in tranquil 1 motion (y > ye) without any direct of 


assurance that they apply equally to supercritical > Ve ) flow. More- 
ae over, for “slowly varied (parallel) motion,’’* they assume that the friction rate a 


a. ene of Open Channels,” by Boris A. Bakhmeteff, McGraw-Hill Book Co., Inc., New York, 
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for a discharge and depth i is equal to what the resistance 
would have been under uniform conditions. In the M;-case, flow is divergent 
and the divergence at times becomes quite pronounced. Analogous to closed : 
conduits, one may anticipate a complementary loss connected with the restora- 
tion of kinetic energy into potential energy. Again, there is no material i 
available at present that would evidence the magnitude of such restoration 
josesin open-channel flow. = = = | | 
Accordingly, in many respects the precise answers to the raised 
by the paper will have to await evidence from future research. In the mean- " . 
time, one is forced to seek approximate solutions by recourse to: one or another 
of the existing friction formulas, and it is here that the writers cannot quite an R. fe 
: - follow Professor Gunder’s conclusions, for their investigations seem to show NS 
ee the choice of 7, relation for C does not materially affect the Position of 
the inflection point. < 
(8) The location of the “inflection depth” y; on the M s-curve, where the 
curvature changes from convex to concave, can be expressed 
dimensionless terms by | the ratio ¢ 
= the y;-value will be influenedd by the » shape of the dita the dis- 
charge, the slope 8., and the wall roughness, For two-dimensional motion — 


(broad, rectangular channel), the shaping agencies ar are 


which depicts the ven of the Chésy factor c with the varying depth of Sie; 
it To apprehend the possible effect of the different formulas for C, it is neces- 
: sary to make clear the physics that actually underlie the structure of all 
‘ empirical relations . In all formulas, a ‘ “eurface roughness type’ is charac- 


Kutter and the Manning « Such a friction term is held 
invariant for all conduit’ _ involving particular type of surface Toughness. 


hydraulic radius R reflects the of the friction drag with 

oo of the relative roughness. In fact, relative roughness appears in the — Ne id. 
empirical relations in the form of a ratio of the friction term to an appropriate 

po power of the hydraulic 1 radius. Thus, the ‘Bazin and Kutter expressions are 3 

built around ratio of the friction term to VR, whereas in Manning. 


the aime of “ 


i 
— 
4 
J 
a 
(20) 
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reases with the latter, the impli i 
plied’ physical meaning being that the friction 
— 
| formula the shapi 


sil | 


Prandtl — Karman 
G. K. for Sp=0.0001 @ 


—G. K. = Ganguillet - Kutter 


. 


2 

= 

3 

oO 
= 
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Wed Ae comparison of the « different suggutints is given in Fig. 3, which shows 


a group of C = f(R)-curves computed by the different lermlen: with the 

 Ganguillet-Kutter term 0.013. It should be remembered that, in the 
otherwise rather complex and obviously ‘artificial -Ganguillet-Kutter struc 
ture, the value of C,, for R = 3.28 ft = 1m, constitutes a focal point at oy, 


which the Chézy factor is to be ‘unaffected by the ‘slope 8., and in 


“tae a ij 
metric measures is imiebbieltiy’ equal to meh ‘For feet, the focal value is 


2 28 = . It is the same focal point that conditions the Man- | 


in the past was to evolve a mathematical form 
rtain would best average and fit the maze o 
— the relative 
at 
— 
— 
— 
— 
4 
— 
— 


16.5) + 32.1 log R = 16.5 + 82.1 log R... 


“represents, in foot units, t the Prandtl Kérmén curve, customarily referred to 


focal on the roughness da tee well: 


roby 2R. This tet 

89 89 log R.. 


or R : = 3.28 ft, C Henee, 


- 3.28 = —— - 16.5. ) Finally, ¢ the Resin = is 


- fitted to pass through the focal point oe making the friction term M = 


2 of the « outlines becomes rather unpronounced, ‘and 0 one is nadurelly — 


for to the complex Ganguillet-Kutter a suitable 
straight line answering the exponential relation C= Ce passing throu igh 
E _ the focal point C,, and adjusted, so far as the incline D is concerned, to approxi- | ee 


mate best the C=f (R)- -curve in the region. This explains the origin 
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More generally, i in the light of Fig. 4, one may the various 


. tions ao C versus R differ by the relative steepness of their incline. - Therefore, a 


if an exponential expression were to be used for approximating the C = = S(R)- 
a function i in that or any other reach of the curve, the respective formulas could | 


a 


. 


said to. differ by a larger ¢ or smaller value of the ‘The 


the ‘particular instance of a broad rectangular channel (Eq. 


ry 


: 


= 


==, which i in Ea. 34 would corre- 
pond t to the different values of the “hydraulic: exponent,” ae 3 + 2p, sub- = 
&: 


ject to the paramettic value of Ye 


One ‘could directly by 
«using the third quantity in Eq. 34; but the numerical computations prove to 


easier if one first finds the respective 1 Hvalues, i 


d2 


the second quantity in Eq. making. = 0, one 


‘The solution for a series of exponents m= 3+ ranging from m p= 
? Ke 4, thus embracing all the possible slopes in Fig. 4, is presented in 1 Fig. re 


“Fig. 5(6) shows the final values = — Versus Ne 

the ‘Values of (y’.)s for the 0, * which to 


flow over a horizontal bed, are found from Eq. taing a 


= al iw if, Sit ah. Wilk 


—. 
— 
— 
al 
4 
—— 


ns 


nity—that i is, ath the slope So becomes close to the critical, and the normal eo 
depth tends to become critical. Therefore, under ordinary circumstances, for soi: ; 


08 
aw 


j 


= 0.6 yo, the opie expression (Eq. 37) can be conveniently used f for quick ee 


appraisals. On the other hand, for all possible values of the exponent, the a 


nflection depth y; remains within 0.4 to 0.6 of the critical, showing remarkable — 
steadiness i ‘in its position. Thus, a tule of thumb, assuming inflection at about 
half the critical depth, ‘seems to be a justifiable approximation. 
ee (5) The purpose now is to disclose in a more direct fashion the exact 
"possible effect of that or some other friction formula. Also, in view of the © 
“flatness” of the Ms 's-curves, it is desirable to know n more about their eventual * : 
outline in the regions adjoining the inflection point. ‘The general procedure 
- would be cumbersome and ineffective, so recourse must be had to practical = 
examples. Calculations were performed for a wide range of circumstances, 


assuming two-dimensional flow at vem 10 ft, y and x making Ye , successively 2 ft 


| 
- 


5 ft, 8 ft. Using Eq. 1a in the form 


4 


x one determined the dimensionless ratio | — }: S. versus ye = = =, with the "y 


values for the Chézy factor successively from | the 


fe guillet-Kutter, the Prandtl-Kd4rman (Eq. 31) formulas, and with the” 
Je friction term n = 0.013. (In applying the Ganguillet-Kutter formula, an 
identical set of values for corresponding to S, = 0.0004, was used in all 
instances. No. attempt was made to use the Bazin relation. The latter 
well adapted for flow at [n = 0. 020 to 0. 


$4" 


with once more the ‘ ‘critical slope.” 


Elevation, in 


tevation, in F. 


= case of = 5 ft are in 6. “the 


as shown are typical of the plottings obtained in all instances. All 
= -eurves exhibit only slight change over a comparatively. wide middle = 
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of parallel m motion with negligible curvature cease to be applicable. Again ae: 


— corresponding 1 to the different formulas vary only in detail, without — ne 
changing the major features of the picture. dase 


tions iin actual observations. In practice, M; surface curves occur at the 
_ foot of spillways and chutes, where the steep incline changes to a mild slope 
_ channel, or at the point where water flows from beneath a sluice into a hori- 
- gontal or mildly sloped bed. In either case the initial surface, in the transition © 
- Teach, is ipso facto concave.  Aeoordingly, if the initial depth is less than Yr 


» reaches. Such @ succession of forma in is improbable 


¢=2.08 Cu Ft per er See ying 


Flume Bed Horizontal 
10 


r Ft of Width 
¥.-0306F . 


4 


50.003 


-_rapectve branches reflect altogether different physical regimen, or that flow 

on one of the branches is unstable and in reality presents wavy features. An 

example i is the double-branched curve" which features the height of the jump 
& sustained by flow from under a sluice, and in which the branch for lower initial — Gg 
_ Kinetic energies corresponds to jumps of the “undular” type. Thus, with = 


N.Y, =e eel of Open Channels,” by Boris A. es, McGraw-Hill Book Co., Inc., New York, 
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ROUSE ON OPEN-CHANNEL FLOW 


me om theoretically convex part of the profile will prove in reality to be more 4 
less undulated. Special experiments in the 6-in. tilting flume of the Fluid 
_ Mechanics Laboratory of Columbia University in New York, N. Y., confirm ¥ . 
a ead such anticipation. The profiles shown in Fig. 7 are typical of the results e 
obtained for a wider range of sluice openings and initial heads. In each in- i 
stance, the surface profile in the reach succeeding the initial “contracted” 
= section exhibits distinct undular outlines. The waves are not large, however, se ne 4 
ap and furthermore their size decreases with the increase of the depth, as the _ 
— evolves into the final, practically linear, form. Most characteristically, 2% 
effect of waviness was particularl in the bottom pressure 
p ularly e p essu es. 
“ Apparently, due to the high prevailing velocities, substantial centrifugal effects A 


exercised when the curvature, caused by the waves; compare 


The arises: Why were not all these facts noticed and recorded in 


former research? The answer may possibly be found in the general flatness 
ara of the M;-curves, and especially in the fact that profile measurements were F 
taken mostly at considerable intervals. Under such conditions, the relatively 
ee - small deflections either in one or the other direction from the approximenely 
4 ee uh rectilinear profile could be mistaken easily for erratic experimental deviations. _ 
oe shown by the curves of Fig. 7, the actual features of the M;-curves can be ed 
revealed only by closely spaced observations. It would be most interesting — 
= tol have experiments performed dona larger sc: scale and with equipment o of suffi- 


Woo 


practical computations, the relatively small waviness may be disre- 
garded, and the convex § surface which evolves from Eq. the of 
‘small depths may be. considered as an ‘ ‘average profile. 
Am. Soc. C. E.— —Hydraulic engineers many decades 

» 


+ Be a ago concluded that the mathematicians’ analysis « of fluid motion was quite — 
| without practical value. Although it is now gradually being conceded that — ‘a 
hydrodynamics has many an ‘engineering application, the ten- 
deney still remains in hydraulics to shun any analysis of a practical problem 
which has too much of a mathematical savor. The writer fears, therefore, — oa 
stat the hydraulician’s reaction to this paper by a mathematician will follow a: 
= Saam the age-old : argument: “Of what use mathematics when the variables themselves a 
are not properly understood?” 
_‘The writer feels responsible to some extent for Professor Gunder’ s attack 
.* - upon this problem, for it was during the writer’s lectures on advanced fluid 5 
ee ae mechanics at Fort Collins, Colo. . in July, 1940, that the author clarified the 
consistent failure of surface curves below the critical depth to agree 
3 Be. ae with the traditional curves in the writer’s text. Comments by the writer on ig 
the obvious difficulty of integrating the varied-flow equations then led Professor 
a: ok Gunder to perform this integration, largely to satisfy his own curiosity. “The 


results were finally submitted to the Society, not—so far as the writer isaware— 
_ Prof., Fluid Mechanics, State Univ. Iowa, and Assoc. Dir. in Charge of lowe 


t 
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the; guise of a 
on record the information contained therein. 


should ‘at once feel as much at home i in ‘nauiiaeeebueanean as in his one is 
the writer’s experience, however, that mathematicians have far greater facility ‘ 
in grasping the salient features of an an engineering problem thap have ve engineers ete 
in mastering s the mathematics necessary to. its solution. For this re reason, the % 
ie writer most cordially welcomes Professor Gunder’s initial contribution to ‘the 
hydraulic engineering field, regardless of the merit of the paper itself. This — 
"profession, as as already stated, still suffers f from many misunderstandings of of the 
past century, and can only profit from a mathematician’ s ability to cope e with eB i 
functional relationships which are beyond the normal engineering grasp. ae = 
_ As to the actual merits of this paper, the writer believes t that the conclusions ae «9 
ho wy would be far more significant if freed from the handicap of being based upon 
formulas which are in themselves none too trustworthy. Although 


as implied by the author in his second ‘eonclusion, it is ‘obviously 1 more ‘con- 
 yenient than the other two, else the author would not have chosen it for pur- 
poses of integration; that it yields results which differ from those of the other — re 
is surely not sufficient reason to condemn it. other 
ui 


Ww 
afloat 


mately ‘coincide over only a limited range, the author’s curves 
reflect the discrepancies to 
or lower limit. 
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SHOWD DOU experimentally and analyvically that the actuai resistance aque 
~~ 
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shich the factor 77 is a the 


Ri. ae a to be noted that the dimensionless factor 2.1 is a function of cross-sectional — re 
A 3 form, and will vary with the proportions of the channel section.) Like R/k, 
g er a the Basin parameter m/Rv* and the ‘Manning parameter RY‘/n are measures of 
relative roughness, the Bazin m in American units obviously. having the di- 

mension of (feet)"/?, and the Manning n the dimension of (feet)”*; what dimen- si 
a sion ‘to ascribe to the Kutter n is a problem, owing to the two different dimen- ae 
ee sions it ‘appears to have i in the Kutter formula. Were Eq. 40 and the Bazin e 
| = both correct, a logarithmic plot of R/k against R”?/m for identical __ 
: . values of C would appear as a straight line having a slope of 20n 1;asseenfrom _ 
Fig. 8(a), the actual relationship has approximately the required slope only 
the range of moderate to excessive ‘roughness. Similarly, were » Eq. 40 and 
the Manning formula in agreement, a similar plot of R/k against R*/n would mas i 
aay yield a straight line having a 6 on 1 ‘slope, whereas the curve in Fig. 8(b) displays — 
ore this slope in only the intermediate zone, deviating therefrom as the roughness Fr. “f 
a xo becomes either relatively great or relatively small. — on this basis does the ae 
Although Eq. 8 is ‘undoubtedly more ae over a wide range than any 
Hs _ of the purely empirical formulas, it too becomes open to question as R/k ap- 
Ba proaches unity. Obviously, moreov er, it is far less easy to adapt to an analysis 


= ouch: as the vertheless, it is with considerable anticipation that 


experienced and, consequently, where his approach was 
er 3 His one hope was that some discussion might result which would clarify the 
e rather confused status of the type 3 curves appearing in open-channel flow. 
‘ Se The excellent « contributions of the discussers have certainly justified t this hope. 
~ Before considering these discussions individually, the author wishes to 
acknowledge an error in the paper. The point of inflection for the Bazin and 
relations by tl the extremely tedious 
wD 


the point of. inflection was located by 

this by approximation. In so doing, a serious error of com-_ 
: putation was committed. (Few mathematicians, if such the writer could be _ 


one called, can do arithmetic.) £ The much more elegant treatment of this part of 
Research Engr. and Associate Peet, Math. an ond + Eng., State College, F Colline, 
‘esearch En 
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GUNDER ON OPEN-CHANNEL FLOW 


‘erepancy: - In light of this and the experimental findings of the same two 
iscussers, the second of the ene the “Synopsis” should be written 

(2) Use of the differential equation of gradually varied flow at depths below 

; ~ both the normal and critical depths should be made with reservations until ! 


14 


author deeply regrets ¢ the inclusion of this error but is s glad that ‘it was reed 


‘The suggestions of Messrs. Rohwer and Rouse that certain other epecifio 


: uals one is to adopt approximate methods which, in turn, are pit 
those now used. | Further, it seems from the evidence presented by Messrs. 4 


Bakhmeteff and Feodoroff that further refinement i in the analysis should await — ey 


attack the problem using, say, the Kérmén-Prandtl expression for the Cheéy C 
 asis ‘suggested by Professor Rouse. The mechanical difficulties attendant upon 


: _ plete and reliable data on this particular region of flow, it may be advisable to 4 


With regard to the discussion of Mr. Stevens, only one point probably 


SS should be mentioned. In the solution of the flow equation, as Professor Rouse 


has stated so well, the final form was presented only for what it might be worth — ox 
& to those who had use for it. As a result, this equation was stated in terms of — 


the original variables and parameters with no attempt: at simplification, Jeaving 

3 ~ such simplifications c or alternative forms to those interested in using the result. a 
feature which the writer thought which Mr. 


aps 

= + 0.3067. + 0.3 Ki. 


in which and a function of 7 ne and 7 only. It is thus 
that the plot of the £,y-curves, which give the x,v-curves directly, is a ene 
cd "parameter family with the parameter Nee Furthermore, K 1 may be separated — 
~ into two ‘parts, one of which (say, K:) is independent of ne, and the other of . 
_ which (say, Ks) consists of three or four relatively simple terms involving 7 b 
= n- Thus, the construction of the table which Mr. Stevens recommended . 
= a sentence for the writer could be accomplished in quite a restricted space. oe 
a It appears as though the ‘ “professor” had overestimated the ability of one of © “ 
his “students. situation seems inseparable from the process. 


the nroblem by Moesere and Heodoroft clearly showed dic_ 
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writer wishes to acknowledge expecially the wit 
_ Bakhmeteff and Feodoroff in correlating the discussion of the various resistance 
ang factors and correcting the writer’s error, as well as in giving some intimation by | 
& experimental studies of the true state of affairs as regards the ) type 3 curves in 
Finally, the author feels that the excellent discussions have contributed a 
more to the problem than did the original paper, the only merit of whieh i i 


perhaps that it brought forth th disoussions : 
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THE GREASE} PROBLEM IN SEWAGE TREATMENT 
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peek 


Discussion BY MEssRS. ARTHUR D. Weston, HARVEY 


W. 8. MABLIE, Denis: Dickinson, F. 


Until recent years, ‘in the United States, ‘situated on the 
‘seacoast, have had little in disposing of their sewage 


sewers extending to deep water for disposal by dilution. With increasing 
. "population and higher standard of cleanliness, it has become increasingly diffi 


"able to bathing, boating, fishing, and the like. 
offensive conditions have been due primarily to deposits of 
suspended matters and to floating sewage matters, including grease and oil — 
which form “sleek” on the surface. ‘The result in many cases has been n that 
steps have been taken to provide sewage treatment plants for sdisieation and eure 
rease removal. In view of the important relation of grease to the problem of | 
sewage treatment and disposal, the purpose of this: paper is to. ‘discuss ‘the , 


dll 


Problems of grease removal in sewage. tye ‘Nits “ya 


magnesium soaps, 


; Sometimes, however, 


Nors.—Published in February, 1942, Proceedings 
Cons. Engr. (Metealf & Eddy), Boston, Mass. 


(Greeley & Hansen), m. ttt 
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seware om numerous small ets 2 shore) and one or more 
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materials” (1).* When ts mentronea m connection with sewage and — 
3 ite tres wilmost any combination of these substances may be 


rease ase.” The term ‘ is 40 applied all 


whether of of animal or animal or vegetable origin 

Eee ie er In a broad sense, there are three sources of the gr grease and oil in sewage— 
domestic and automotive. Domestic sources of grease include 


x J ee in human feces and kitchen slops. a Feces contain fatty acids, soap, and — 

fat, whereas kitchen slops contain not only the unused fats from food- 

. stuffs, such as lard, suet, butter and olive oil, but also soaps. The latter — 

include both the sodium soaps and the calcium and magnesium soaps, or mineral 
‘soaps, , which result from the reactions due to the hardness of the water supply. " Bt 5 
pe Industrial wastes may contain large quantities of grease and oil, particu- 

larly those from abattoirs, packing houses, wool-processing plants, | rayon 


plants, tanneries, oil refineries, gas works, canning plants, dairies, and 


Automotive sources of oil and grease include garages, repair shops, and 
automobile-washing plants. Although the larger garages may collect such 
Roe ‘material and prevent it from entering the sewerage yet, | many individual 


"True fats are compounds of the alcohol glycerol (commonly called glycerin) 
a with the fatty acids, such as oleic, palmitic and stearic, the resulting glycerids — aes 
___ being designated as olein, palmitin and stearin (2). Other glycerids are also 
known. _ The three mentioned are found in animal fats—the first being a alge 
contain carbon, hydrogen, and oxygen in varying the 
~ chemical structure of the molecules being relatively simple. Fats are among eee 
f more stable of organic compounds. The mineral acids attack them, with a 
the result t that glycerin and fatty acid are formed. In the presence of alkalis, oe 
such ¢ as sodium hydroxide, glycerin i is liberated and alkali salts of the fatty e.. 
* a areformed. The latter are known as soaps and, like the fats, are of stable 
_ character. Common soaps, soluble in water, are made in the manner indicated, | 
car by saponification of fats with sodium hydroxide. . Mineral soaps, on the other 
hand, are insoluble and are precipitated. Soaps in sewage are largely of the te 
_ The grease in sewage may be either “free” or “combined. ” The free grease Bs 
is is partly of mainesel origin, such as gasoline, kerosene, and fuel oil, and partly 4 


“bined grease in sewage is soap. Although oil and water are immiscible, 
- ean be dispersed in the other with the aid of a third substance, or emulsifying — y 
tae agent, to form an emulsion. In sewage, oil and water form emulsions, with © E 
the aid of Soaps anc and, in this manner, of the “free” grease | is held in 


= of ‘floating, when in emulsion or suspension, o or of settling. Soap curds and the 
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& partly sink and partly flow along in emaliion or in suspension, although some of a 
the Apparently these types” of “material t tend to rise as 


2 “normal quantity of grease and oil contained in the sewage tends to give a asmooth, — 
_ silky appearance, called “sleek,” to the surface of the body cf water near the 
run of discharge. Small quantities of oil can cover large surfaces and, in a 
way, the extent of the sleek field in the di of a given outlet: de- 

- detrimental to boating, due to the formation of oily dewniiie on the sides of 
pleasure crafts passing through it. Where sleek fields are sufficiently cane. 
to reach bathing beaches, the use of the beaches may be out of the question, on 
account of the deposition of oil and grease. o 
In the case of rivers, an oil film may interfere with natural purification | 
by shutting off the air air needed for re-aeration. — Spawning places for fish may 


be damaged by oil, and fish food injured. Oils may impart unpleasant tastes 
and odors to water supplies. Furthermore, if the water is used for re ; 
f films may tend to fill up the pores of the soll, Oy 
; is Another ill effect of discharging untreated sewage into bodies 4 ae is the 


__ formation of grease b balls. _ According to Edward Wright, M. Am. Soc. C. E. (3) Ga 


‘1, ie the a ‘amount of fats in \ the si sewage ge from one of the large tannery 


- districts i in Massachusetts, which is discharged into the sea, has been so — 
reat as to cause the formation of numberless grease balls, varying in size 
7 * _ from a large marble to a cantaloupe. They are particularly offensive i in 
connection with the recreational uses of adjacent waters for bathing, 
* * Such balls, presumably from the Boston Harbor outfall sewers, 
found at an isolated point 66 miles from the harbor. bas 


_ Errscts OF GREASE ON ‘TREATMENT PLANTS 


dt 


grease tends to clog the : screens and increase the cont of maintenance. 
In other types of treatment plants, fatty substances may form unsightly scum 


at the surface « of the sewage. In sedimentation tanks, | grease may ‘interfere 
with the settling of suspended solids by of organic matter and 


Fats are a deterrent to the biological processes taking place i in intermittent 
7 sand filters, trickling filters, and activated- sludge plants, in ‘that they ee 
: with a stable film surfaces that otherwise would be subject to microbial action. — 
They may also cause clogging of filters and of trickling-filter nozzles. 
—h Accumulations of grease are likely to. cause offensive odors at sewage treat- 


ie ment plants. They may aleo destroy paint, as shown by experience at the 
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the steel to attack by water, hydrogen sulfide, and other 


and grease in ‘sewage may also cause ‘difficulties in 1 sludge’ disposal. 


y bo For example, it was reported in 1931 that, at the Calumet works of the Sanitary — 
District of Chicago, Ill., the activated sludge, which was being heat-dried, 
bes showed a marked tendency to ignite in the dryer, when oil was. prevalent (5). “Se 
recently, at the Southwest Works of Chicago, the distillation of grease and 

a mo volatile substances in the flash-drying process has caused accumulations A 


9 the forced-draft fans and air ducts, which seriously interfere with the opera- 4 
of the drying system. Furthermore, large amounts of oil and grease tend 
to make sludge dewatering difficult. They depreciate the commercial 
on. _ Another possible source of difficulty i is the entrainment of large quantities = 
fe of air in sewage before it reaches the sewage treatment plant. In the early Nes 


=| Sa months of 1938, at the Wards Island sewage | treatment plant in New York, 
N. Y., thick seum formed on the ‘surface of the preliminary clarifiers, often toa 


j was entering the sewer system feeding the plant. | Scum formation was elimi- 


a - 1ated by raising the sewage level at the Manhattan and Bronx g grit chambers, es 


thus preventing air from being entrained in the raw sewage. = 
Ao! A difficulty of a similar nature occurred at the North Toronto sewage | treat- . 


ee 


shaft before entering the plant. Large quantities of air, entrained in the raw 


ae installing water sprays to beat down the scum in these channels or force it = 


into the preliminary sedimentation tanks. = = 


<a he quantity o fats and oils in sewage is commonly etermined as et ere 


soluble matter, by liberating with acid the fatty acids, after evaporating the 
dissolving them i in | ether which i is then driven off, behind the 


sample has been acidified. Thisi is true of ether, 


depth of 4 in. (6). The trouble was traced to the fact that air under = 4 


ahs - ment plant i in Toronto, Ont., ‘Canada, where the sewage falls 80 ft in a drop 


74 ‘sewage during this drop, caused the grease in the sewage to form thick froth a 
ae and scum on the surface of the influent channels. The difficulty was overcome — age 
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Dit in the determination of grease, as 
three common fat solvents, petroleum ether, ethyl ether and 
ded ng the chemical com} 
i ntil this i 
different solvents, and until this 
cal 4 q 


“petroleum other, ‘ether and chloroform. In reporting results the 
F extracting agent should always be stated. On the insufficient data avail- 
_ able, chloroform appears to be the most satisfactory solvent. However, 
has not ale sufficiently widespread use to warrant discarding the 
owit Dates on the extraction of lipids from sewage sludge by four different a 


have been furnished by O. J. Knechtges, W. H. Petersen, and F. M. Strong (7). 


designate fatty acids, sub- TABLE 1 oF or Day Soups 


stances yielding fatty y acids on Exmmacrep, FROM DRIED BY 
hydrolysis, and other substances Dirrerent Fat 
are physically of a fat-like (Sludge Not Acidified) 
character and can be extracted 
with fat solvents biological Sindee other propyl | “form 
materials. Four solvents were 
ompared with respect to the | 
quantity of lipid extracted from 
domestic sludge and packing- at ont 
house sludge. 1 The results (7) are given ‘in Table 1 ) 
~ Chloroform extracted the largest percentage of material, and petroleum ether 
he smallest. In fact, without acidification, chloroform extracted approxi-— 
mately twice as 1 much 1 material as did petroleum ether, Even with acidification 4 


Fractionation o the extracted from five by jen ether 4 
and chloroform n showed that a fra 


TABLE 2.—QUANTITIES or GREASE m 


SEWAGE AT Pa. by five different solvents, have 


been furnished by) G. Wiest 


North | South 
sewage | sewage made on catch samples of 


treat 
raw sewage from the North 


39.2 
1: South sewage. treatment plant, 
si  station—the sample from “the 
tive "strictly domestic each ease the dried solids were 
acidified 1 before extraction with the solvent.» The results of the 
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soluble only in chloro 
chiorororm. 1rac as § ‘kK, tar-like mater 
; 
hat this material might not be lipoidal in character. 
i Data on the quantity of 
— 
i= 
— 
i= 
sgXWh 
— 
each 
chloroform extracted a larger quantity of material than petroleum 
er or ethyl ether. Furthermore, chloroform extracted more material than 


- a indicates that chloroform and ethyl ether extract a larger proportion of non-— 


or except in the case of the ‘sample 


= rac The data presented, although rather meager, are sufficient to indicate that 
. s quantity of grease found i in sewage by the recommended ‘methods (1) is is “e 
dependent | mostly upon the solvent used for extraction. According to D. 
aa Okun, Jun. Am. Soc. C. E., and E. Hurwitz and F. ‘W. Mohiman, the literature 


fatty substances than does petroleum ether, which is more specific for fats and 


‘oils (9). Chloroform i is said to dissolve resins and waxes in addition to strictly 


4 


> 


Z “fatty substances. It i is evident, therefore, that comparisons of results of grease 
must be made with with due the solvents 


une > Examination of Water and Sewage” (1) has not entirely satis- 
factory, aside from the flexibility that it allows in the solvent to be used for 4 
The evaporation of large quantities of sewage required by this 
method d delays the determination n considerably a and may cause the loss of some 

re of the grease, which is volatile. - Furthermore, according to Mr. Mohlman, | 
evaporation to dryness, after acidification to release fatty substances from soaps, oe 


- ‘ may produce low results because of re-saponification of part of the fats on con- 


To avoid the necessity for lengthy evaporation, as well as possible re-saponi- 
"fication of fats, Richard Pomeroy and C. M. Wakeman have suggested wet pee 


fain TABLE 3.—Grease In THE ‘SEWAGE oF VARIOUS. 


Alliance, Ohio 0.040 
Atlanta, Ga. (Intrenchment plant). . if 0. 348 
Baltimore, Md.. . 035 
Columbus, Ohio 6.078 
Fitchburg, 88 bs: 0.046 
ing, Pa. 0.021 
Rochester, N. Y; Crondequoit plant) B4 0,039 
Toronto, Ont., Canadaé 33 0.039 4 
Reference (11) exce; PDs as noted. Gallons per capita daily. Industrial from. tanneries present 


ae extraction (10). Their method is to agitate the acidified sample with the 

Mag a. solvent and separate the two layers in a separatory funnel. Two extractions — 
aid ‘Mr. Mohlman prefers to pass the sample through a specially prepared f filter, 


rhe dey the material retained, and extract with the solvent in a Soxhlet extraction : : 
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‘ever grease it may sai is then added to the extraction flask. 2 In most cases, 
especially with sludges, the grease in the filtrate te may be be disregarded. 


iG Table ; 3 contains data on the quantities of grease in the sewage of various — 
cities, as determined by extraction with ether. " Similar « data for r Massachusetts 


m- in a 


Grease, in parts per million. . 46 | 7 ; 
of observation, in 4 


“industrial the grease ‘content may be very is the case eat 
a Gloversville, N. Y., where, due to large quantities of tannery wastes in the 
4 sewage, nearly 500 ppm of grease were found in the sewage in 1921- 1922. 
a _ From Table 3 it will be seen that, on a per-capita b basis, the quantity of grease 
in sewage ranges from 0.02 Ib per day at Dayton, eee neaniee i and 
Reading, to 0.15 lb at Atlanta, and 0.59 lb at Gloversville. nbilox 
teh Additional data on the grease content of sewage have be 2 compiled mai 


Mahlie, but unfortunately the analytical methods used were not recorded 


OF REMOVING GREASE FROM SEWAGE 


$ ~~, float on the surface of sedimentation ‘tanks or settle to the bottom with © be 
ludge. ‘4 Equipment that n may be installed for the first method includes skim- 
skimming-detritus tanks, and aerated grease-separating tanks. 
_To aid in the subsequent separation of grease by skimming, the sewage may be - bie , 
ee. sag gah with § air or by mechanical means, or it may be treated with a combin 
Plain Skimming.—Probably the earliest method of grease Hsieh at sewage 
_ treatment plants was that of skimming the grease by hand from the surface of 
sedimentation tanks. or grit chambers, after arresting the floating grease by 
"means of suitable bafiles. a few cases plain skimming tanks have been 
f scum from the sewage 
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area | area 
these data, the quantity of grease in city sewage 
pm at Reading, Pa., to somewh i= 
» at more than 100 ppm at Atlanta, Ga.,and 
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A skimming tank is arranged i in such a way that floating matter rises in it 


¥ the liquid flows out continuously deep outlets or under 
Fenn walls, or deep scum boards. _ The few American skimming tanks i in 


corks and bits of went: as well as grease ‘and oil, is removed. 
r “i In a few places, tanks have been built for the separation of the case 


1s skim the grease frown: the surface collect it j in trout of an 
mS weir, over which it is pushed on toa draining bed. Revolving plows move the ~ 
| grits and other: solids s settling f from the ‘Sewage to a central | hopper, whence they 


‘te final separation of grit takes place. After passing fine screens, this ‘ ake 
flow” joins the main body of sewage that has passed through the skimming 
mii detritus tanks. _ There are two tanks in the Akron plant, 55 ft in diameter and 


12 ft in maximum which furnish an detention period of 12.6 min, 


At the West Side works: the District of the sewage, 


_ before entering the Imhoff tanks, passes through rectangular tanks with an a 

average detention period of about 15 min. These tanks are equipped with 
2 sludge-removal equipment of the | scraper-conveyer type, the return flights on 

P) 
the surface serving asskimmers. About 15% of the flow, containing the settled 
solids and grit, is diverted tothe grit chambers. = = = 
Although ‘a considerable quantity of objectionable scum may be removed 
from sewage by skimming tanks and | skimming-detritus tanks, it is doubtful — 
~ whether such tanks alone are capable of removing more than a small proportion — ; 


is often removed from sewage in ‘sedimentation where 
ms tanks are equipped with skimming devices. In this case, part of the grease 
rises to the surface and i is skimmed off, while’ another settles to 


: 4 ae other device adapted to the removal of floating matter is a commercially pa- 


_ tented mechanism that consists of a bridge traveling on rails along the longi- — 
tudinal walls of the tank, with a scraper attached to the bridge by hinged arms. 


~ The scraper is used to force the sludge into hoppers at the influent end of the é 
i tank and, when raised to the surface of the sewage, it is used to skim the tank. © 2 


tanks where the sludge-removal mechanism cannot be readily adapted for 


Se ee use in skimming, a system of water Piping with small nozzles, as used by H. a 


Ft 
— ie 
of from 1 to 15 min. The submerged outlet is situated opposite the inlet and 
a lower elevation, to promote flotation of the scum and removal of any solid h 
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GREASE IN SEWAGE 

Allen in in ‘the Imhoff tanks at Fitchburg, Mass. may be of value. ‘The sliuiiiess 


horizontal hack-saw cuts in vertical pipes—discharge jets of water almost: 

it horizontally over the surface, driving the accumulated grease and oil to points 

ye where they can be collected. An installation of this type in the preliminary 
: sedimentation tanks of the North Toronto plant has | given good results peed 


inverted sluice gates, or pushed into troughs or squeegees. P 


George B B. M. Am. Soe. E., a study of 
was made on 28 weekly ' composites from ‘January: to June in 1934, | when the 
ake catchers were not in operation (12). This study showed the average 
"grease content of the raw sewage to ‘be 66 ppm and that of the settled Sewage 
- 46 ppm, with a removal of 20 ppm, or 30%. In experiments on sewage of the _ 
Boston Main Drainage system in 1935, the results indicated that about 40% 
% of the 46 ppm of grease present in the raw sewage, as determined by ether _ 
a ‘extraction, could be removed by skimming and sedimentation i in a 2-hr deten 
_ tion period, leaving 28 ppm in the effluent (14). _ Similar results were obtained : 
experiments ‘on sewage of the TABLE 65. ‘Removat By Sepr 
Metropolitan sewerage MENTATION TANKS. aT Burrato, N. Y., 
system in 1935 and 1986. Treatment Works 
At the Sewage Treatment 
Works of Buffalo, N. Y., deter- 
‘minations have been made of | Ex- 
the reas in kl m it _ ‘TRACTION OF Fitterep Soxips 
grease eekly composi tes 
of acidified daily samples of sew- nth}... | Sede 
age leaving the grit chambers Grit 
and of the effluent from the sedi- 
apes tanks, by petroleum- 
ether extraction of solids re- 
moved by filtering through ab- 
sorbent cotton. The conduits, {hy | 
4 through which the sewage passes 
to the sedimentation tanks, are 
aerated to prevent deposition of Oct. 
Nov 
Bolids and keep the sewage fresh. Deo. 
The sedimentation tanks have Aver. 
displacement period of 80 min 
"provided with mechanical equipment for removing the sludge and scum. 
er A monthly summary of data on grease removal by the sedimentation tanks te i q 


‘ at t Buffalo during 1940 is given i in Table 5. (Grease content was determined in ‘ 
weekly composites of daily samples acidified with sulfurio The 


were not weighted. 


= 


= 
ws 4 n some plants grease 1s removed Irom the surface of Sedimentation tanks Dy ws ag. 
[Nec : mg 8 
rage, 
: i 
the available data on the removal of grease from sewage by sedimentation tanks = 
4 
= 
ie 


E.) ‘The monthly average grease content of the as in the 
+ eee effluent, varied from 54.7 to 23.1 ppm, averaging 39.2 ppm, for — 
_ the year, and the proportion of grease removed by the sedimentation tanks a 


varied from 42. .0 to 2.8%, averaging 19.6% for the year. a ‘There does not seem . 
Doo to have been any definite rela- 


6.—AVERAGE GREASE REMOVAL BY tion between the quantity of 


Tanks aT SEwaGE TREAT- grease in the sewage and the 
MENT PLANTS OF ‘Massacuuserrs percentage removed. 14 


grease by settling tanks at sew- 


age treatment plants of Massa- 


|= Fats chusetts cities (15) are presented 


_———|moved in Table 6. The data for fats, : 


grease, a are averages for 1939 


tion of the solids of composite 
samples of raw and settled s 


“he 


collected in “most cases at 
72 me approximately bi-monthly in- 
tervals. Table 6 shows that 


Sedimentation tar tank. Imhoff tank. + Templeton 43 to 80 ppm of grease in 


here appears to be no definite relation between ‘detail, n 


period and removal of grease at the different plants. ADS 


Gardnere 


Leominster 


Pittsfield 
a Worcester 


ae zy “The separation of grease and oil from sew age by flotation is s facilitated awh # 
ey short period of pre-aeration, although, as stated in the report of the Boston — a 
experiments of 1935-1936 (14), there ‘is ‘some doubt whether pre-aeration 

“increases the over- -all removal of grease from sewage by ‘settling — 


as the grease adheres to the small air | bubbles is carried 
to the surface with them, 


Several systems have been developed the of grease and oil by 
aeration. — Karl Imhoff, M. Am. Soc. C. E., has built combined aerating and 


1h 
at several in the Ruhr District i in Germany, using -deten- 


a — detention p period i is 8 min at the average flow of 7.5 m gd (16). hive & Yale 
, Re Whittier, Calif., there i is an aeration chamber, 40 ft long, 10 ft wide, pand 


9 


form a stilling chamber along each side the of grease. 


= 


2 
ons 


xi 


aa 


an 
| tio 
a 
per 
— ple 
gre 
— 
20 | 72 | 56 | 23 
| 62 | 34 | 28 
| 40 | 37 | 33 
| 54 15 | 39 gn 
2.8 | 80 42 | 38 a 
— 
— 
a 
— 
>| 
th 
4 
— 
— 
7 
| es ——— in operation in 1931. is 16 ft bv 35 ft in plan. with a double row o a 3 
deep, set in Iront OF @ Skimming Chamber, it square, in which 
collected j effluent is drawn off at the 
—— 


end and is removed by means of in. suction pipes (17). 
Recently tanks or channels have been installed at some sewage treatment 
plants, to provide a short period of aeration a treatment i in sedimenta- 


ren 

ple, at the District of Columbia p plant the s sewage p passes 
_ grease separating tanks, each 15 ft wide, 78 ft long, and 15.5 ft in maximum 
water depth. Each tank i is 8 equipped with | two Tows 8 of diffuser ‘Plates along one 
"side. 
- separating units is designed to be 4 min at an average flow of 130 mgd . After 
the the sewage flows into twelve sedimentation 


in the istibution al channels Teading to "che preliminary sedimentation 
Menke. The sewage is subjected to a short period of aeration and the oil, 


experiments at Los Angeles, Calif., was found to aid flotation 
&. of grease and oil and form a thick, tenacious scum that was easily removed from a 
ee the grease skimmer (18). Aeration was accomplished by discharging — 
See of screened sewage into the inlet channel at high velocity, the nozzles — 
_ being placed 2 in. above the surface of the sewage. . Removals of 50% to 75% 
2 the free grease were obtained with detention periods of from 2 to 3 ll pt 
At Rochelle, Ill., there is is a combined grease-separating and flocculation 
- tank, equipped with an “American” downdraft mechanism, in which the sewage es 
is treated with diffused air in the presence of gentle agitation: _ After passing Am 
t 4 through this tank, which provides a detention period ¢ of 201 to 30 min, , the se sewage 
= enters two. ) preliminary sedimentation tanks, equipped with skimming ‘mecha- Per 
: nisms. A large proportion of the separated grease is skimmed directly from the _ ae 
surface of the separating tank. Removals of grease, determined by « ether 2 
extraction, ranging from 48% to 69%, have been reported for the grease-_ 
separating and primary sedimentation tank units at this plant. 
At the Richmond-Sunset sewage treatment plant in San Francisco, the 
sewage passes through two “grit-grease” tanks—aerated Imhoff -type tanks— aa 
mh provide a detention period of 10 min (19). The grease is carried by * 
water sprays to a movable trough and thence toa sump. Following the “grit- 
grease” ’ tanks are two mechanical flocculation tanks with a detention period of e3 


— 80 min, the effluent from w which flows into two s sedimentation tanks with a ad 


“detention period of 1.5 hr at the average flow. Some of the grease is liberated _ 
the inlet channel to the sedimentation t tanks. Scum forming on the sedi- 
mentation tanks themselves is removed by water sprays. During an investi- 
4 gation in January, February, and March , 1940, comprising 29 tests on day 
sewage, the removal of grease, as cranes by chloroform extraction ranged 


aeration tanks, the grease, oul, and other Hoating matter are collected — 
— 
d 
ii 
9 
te nisms for sludge removal and skimming baffles for removing scum. 
— 
— 
— 
— 
— 
~ 
on 
— 
— 
— 
“aa 
« 
— 
— 
4 
nd 
‘he 


rom about 57% fc for raw | sbtrenes 8 containing ‘15 ppm of grease to about 16% ae 
r those containing 60 ppm of grease. tit borer 


According to Mr. Gascoigne, there were two, grease catchers in operation 


of these tanks was of the Imhoff type and the other was similar i in design, e 


a 


—Art THe Ricnmonp-Sunser Sewacr TREATMENT Piant San cisco, THE SzwaGE Passes 
Two Grarr-Greas® TaNKS 


for the inside baffling was ‘supplied to the influent channels 
and tanks at a rate of 0.023 cu ft per gal. A study of the ether-soluble matter 

: at this par for two months in 1933 showed the following results (in parts per 
tat 


Total ‘ether-soluble matter in raw sewage. 
a he ‘Total ether-soluble matter in settled sewage......... 46 
tah 


Imhoff tanks. . 
from grease catchers... .. 
Attached sludge particles 


— 
2 
be 
— 
— 
— 
— 
{ 
— £4. 
A 


fae 


Data on the removal grease at thes treatment in 


improve the recovery of grease from wool-washing wastes, Jean deRaeve 
used chlorine (21). He found that the fats were in an emulsified state, pro- — eo é 
tected by a a gelatinous r nitrogenous colloid, and that chlorine destroyed this 
i protective colloid, allowing the liberated grease to be recovered by flotation | 3 
pur An experiment on the use of ‘chlorine ‘as an aid in the removal of grease from — me 
4 sewage was s undertaken by H. A. Faber at the sewage | t 


socket, R. I. (22). Here the sewage has a high grease content because it receives 


ferving the grease-removal tank. The experiment consisted of aeration with 
ESS air for one week and aeration in the usual manner for the e following 


week. _ At the end of each 24-hr period the total grease collected in the form of — 


scum on the tank was removed and weighed. The results indicated that a 


gaseous chlorine dose | averaging less. than 1.5 ppm effected increase d grease : 


removal by skimming, the quantity removed with chlorine and air 


rom 189% | to 4427% of of that removed wi with air alone. 
A ‘group of similar r experiments ¢ conducted ped C. E. Keefer, M. Am. Soc 


of the removals when air alone was used 
y. ay % ‘At the § South plant i in Lancaster, Mr. Wiest t1 tried a form of aero-chlorinatio: 
: ‘under | plant-scale ‘conditions i in 1938 (24). A chlorinator was set up to feed 
_ chlorine in solution directly to the raw ‘sewage just ahead of air diffusion i in 
the pre-aeration channel. ‘The sewage flow was maintained at 4.0 mgd and 
was applied at 2. 0 ppm. ‘Three tests. were run for at least five days 
the first, neither air nor chlorine was used; in the second, aeration 
and in the third, aero-chlorination was utilized. The: results 
gaged ‘the | grease content of the raw sewage and the 
effluent from the primary § sedimentation tanks, using petroleum | ether as 
solvent. The removal of grease by! sedimentation and skimming during, the 
Without aeration or ‘chlorination. tins 
With aeration alone....... 
With aero-chlorination. . . 


ee 


it 
ite samples, the removal of grease 
ne Based on four monthly compos ples, 
pt 
— 
| 
a 
— 
— 
| 
— 
here chlorine was used. With chlorine injected int — 
removals by skimming w 
SES 
— 
— 
a 


During 1939 the aero-chlorination process was placed in in operation: at the 
>< plant in Cleveland, Ohio, as well as at the sewage treatment plant 
2 rt or in Bellefontaine, Ohio. At Dallas, Tex., a treatment plant containing a grease- a : 
ES ee removal unit was placed in operation in 1940 0 (25). The grease-removal unit 


4 provides a total detention n period of 8 min for or design flows. During the first. 


4 min air alone is applied, and the second 4 min consist of aero-chlorination. _ 
e ridge-and- furrow of aeration was ‘Selected. The separated grease is 


it is automatically removed to a scum box at time-clock 

Bes a At present (1941) insufficient operating data are available to form a basis 

3 for a sound conclusion in mane: to the value of aero- raiharination | in the over-all 

years sewage treatment ‘for residential and institutional 

_ sewage have been protected by grease traps, for collecting grease and soap from 

kitchen and laundry wastes before ‘they a1 are discharged to the the sewer. The 

~ method is to pass the wastes through a reservoir of sufficient capacity to reduce et 

the temperature of the hot wastes, thus permitting the grease to separate and gt 

= rise to the surface, _ whence it may be removed by skimming. _ During the 


‘ previous World W ar, many grease traps were constructed at army camps, where 
s practice was to clean each trap once a week or every 0 other week. At 


installed for each kitchen sink within the building. ‘The ‘size of the grease 

: _ interceptor is based on the rate of flow to be passed through it. ae, tage eek 
i. a _ The removal of grease from sewage by acid treatment has been practiced __ 

ae at Bradford, England, for many years. - Here the sewage contains large amounts — Ry 


grease due to wool scouring wastes into the sewers. The grease 


“a 
in the form of sludge which be degreased, 
4 thereby producing for sale both fertilizer and grease. The process has not S eS 
a been | adopted i in the United States f for treatment of domestic sewage, 


Am. Soe. C. E., and E. 8. Dorr in experiments at Boston Mans. the ether- 
a * soluble matter in the sewage being 303 Ib ) per mi million gallons and in ‘the ae i 
oar. 430 lb per million gallons (26). Thisi increase was attributed to the decomposi- 

mer =: = tion of soaps “ the acid. In experiments at New Haven, Conn. , C. E. a Tae 


ue 
Greil 3 is from sewage in two forms—namely, sludge and scum. 


; Dee in the case of acid treatment, the grease which settles with the sludge 8 
disposed of with the latter. Grease removed from sewage by acid treatment 


may be recovered. Bradfo rd, England, part of the is converted into 


J 
— 
me 
be 
&g 
= fi 
— 
— 
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products a as ‘soap powders, metallic soaps, Iybricants, “and pitch 
- Results obtained with a pilot ow led to the design. of a full-scale plant, nie 


Grease and oil sewage in the: scum may be disposed 


_ of by burial, incineration, or digestion with other sewage solids. Tn some 


places the oil skimmed from sewage has been used on roads, 


“Fg a Za The materials collected on the surface of the skimming-detritus tanks at 


ee burial with the dewatered Imhoff ‘sludge. «At the plant of the ‘Rahway 
Valley Joint Meeting. in New Jersey, the grease ‘removed from the ‘settling. 
_ tanks is flushed to a grease-separation chamber, in which the grease is separated 
4 from its carrying water by flotation (29). oe Iti is tl then ‘seraped into buckets and 


Although troubles of various kinds have been reported, due to the disposal 
Sua grease and oil by digestion with sludge (2) (5) (13), the fact remains that it is en 


ra scum, into separate sludge-digestion tanks for disposal. _ Among the song 
_ treatment plants where this method of disposal is used are those for the District — 
of Columbia, and New Rochelle, N. Y.; and the Terminal Island plant at Los : 
Angeles and the Richmond- d-Sunset plant at San Francisco. 
At the District of Columbia plant, , where grease is s digested with sludge i in ; 
heated digestion tanks, , equipped with fixed covers, no trouble has been ex-_ 
_perienced in operation. At Rochelle, Ill., where grease | is introduced 
heated sludge-digestion tank, « equipped a floating cover, ‘some trouble 
has been caused by formation of a thick layer of scum in the tank, at one time — 
reaching a thickness of 9 ft. — The operator has found that trouble can (be. 


avoided by y drawing s maaan liquor from a very high elevation at frequent 


_ At the Terminal Island plant, grease was formerly discharged upon sand ‘ 
beds, dried and burned with the aid of surplus gas from the digester (30). q 
Since this method of disposal proved cumbersome and laborious, it has been — 

4 superseded by that of discharge into the digester. At the Richmond-Sunset 

; ‘plant, grease is discharged i into the sludge-thickening tanks, whence the com- 
bined ground screenings, grease, and sludge are pumped into the p primary unit. pose 
of a sludge-digestion turbo-mixers, h ating 


_ The quantity of “grease” found in sewage by the present standard method 


for extraction. Differences in the solvent | n may lead to “confusion 
Ww 


— 
— 
rom the tanks at Allentown and Davion Is 
— 
— 
d 
— 
— 
— 
— 
— 
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years. 


allowed. Consequently, the following to be desirable: 


oe (1) Agreement upon an answer to the question as to what substances should 


included in the term ‘ ‘grease’; 
(2) Adoption of ‘a standard method which i h is most suitable f 

di grease in sewage as thus defined; and 


_ (3) Accumulation of data on grease in sewage, effluents, and sludge based 


hehe: data pair indicate that a considerable proportion of the ether- 

a soluble matter in sewage can be removed by sedimentation and plain skimming. _ 

’ re Moreover, the available data show, i in general, that a somewhat larger papas: 
. tion can be removed if the sewage is aerated prior to sedimentation and skim- 
ming. Experiments indicate, furthermore, that aero-chlorination prior to 


this standard method. 


sedimentation and skimming accomplishes a still larger removal of grease. 


eS At the 5 present time, however, insufficient operating data are available to form — 
% a basis for a sound conclusion relative to the value of pre-aeration and of aer 
chlorination i in the over-all removal of grease from sewage. — 
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ae WESTON on: GREASE IN 

 pise USSI 


D. Weston; ‘ au E. —The need for. adequate means of 


metropolitan area from three different ouilets. The: sewage ge from these ot 
is chiefly of domestic origin and during the had 2 


is discharged typical of ak of the harbors along the New 
coast, is reasonably free from pollution except that from the sewers of the | 
Metrop olitan Sewerage districts and the Boston Main Drainage District, and 


a content of about 17,000 ppm. Oxygen tests of the waters 


outgoing tide from storage tanks, the sewage ze from the North and 
ow outlets rieuated from 30 to 50 ft below mean low tide. Definite nuisances hav 
gat prevailed from ae eee pe pollution of the waters by the sewage and from slick or 
Studies made under the direction of the writer (31) in 1935 and 1936 showed "i 
ae areas as large as 2, 940s acres in connection with the Boston Main Drainage 


franneny sad 6, 820 acres in 1 connection with the South Metropolitan Sewerage 
"System. These areas are not only esthetically objectionable because of the use 
of the harbor waters for yachting ¢ and recreation, but the floating z solids, con 
_ sisting of wood, oil, grease, soap, and other debris, especially the grease and oil — 
(which are characteristic of ‘sewage and commonly found along the edges of the 
oe s highly developed as summer ; 
resorts and bathing beaches, and. areas 8 normally well suited for the growing of — 
shellfish. The authors cite Mr. Wright (3) as reporting grease balls, pre- 
_ sumably from the outfall sewers of Boston, found at ani isolated point 66 miles 
from Boston Harbor (see heading “ ‘Effects of Grease on Receiving Waterways’). 
IS With a view to remedying these conditions, numerous studies have been 4% 
; oa) conducted to ascertain the most practicable | means of treating and disposing of : 
the sewage from the three sewerage ‘systems. These studies included certain . 
- experiments to determine methods of removing grease, oil, and other matters — 
the sewage but with no thought i in mind of salvaging the fats. 


— 
discharge into Boston Harbor and its tidal estuaries of some 244 mgd of 
— 
ae | _s capita per 24 hr; a 5-day B.O.D. from about 119 to 249 ppm, or 0.13 to 0.28 eae a -. 
per capita per 24 hr; and ether-soluble fats from about 34 to 83 ppm, or 0.04 to 
— 
— 
— 
— 
— 
| 
Se 
— 
in 191 tioned bythe 
under Edgar 8. Dorr and Robert Spurr Weston in 1911 (as mentioned by 
Sees under “Other Methods of Grease Removal’), and by the Massachusetts 
; Director and Chf. Engr., Mass. Dept. of Public Health, Boston, Mass. : 


"Department of Public under a resolve of the Massachusetts 
3 in 1917, particularly in regard to a patented process that involves (32) the addi- am 
nt = tion of sulfuric or sulfurous acid to the sew age to precipitate the: solids. t H. W. 3 sk 


Sewerage system sam- | pended| B.O.D. mincid am- | Chico | Pats 
vie 


con- | am- id 
Boston Main Drainage: _ Ay 
Pasture, 1935,......| 230 | 162 | 157 | | 53 | 41 | 215 | 4080] 
119 | 144 | 18.1 | 3478 | 34 
: | 156 | 119 | | 203 | 198] 49 
Clark, at that time director of the Water and Sewage Laboratories and the 
ps = Lawrence Experiment Station of the Massachusetts Department of Public 4. 
concluded that the recovery of grease from sewage was not economical he 
4 ve Sewage of ‘Nor th (N) and South (8) Sewere Di 
pa 
| Mo | | a | 
69 85 6.9 
(39.5 | 32.0 34.9 
Effluent (ppm). 39 | 4 
reduction... 278 16.5 37.0 
Raw (ppm)...... | 40) 
2 
31.5 | 35.6 | 30.0 39.1 


oi 89 and that the shan of organic matter by plain sedimentation was nearly is. 

as by the aforementioned patented process, and considerably cheaper. 


3 ‘ate The studies (31) made in 1935 and 1936 on the removal of fats from the sew- 
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WESTON ON GREASE IN SEWAGE 


ig ‘North and South Metropolitan Sewerage districts vend the sewage of the Boston io 


Main Drainage District, and large-scale experiments on the sewage of the a ae, 
Boston Main Drainage District... The latter experiments made use of one of 
ie - the tanks of this district that is normally used to store the sewage for discharge ud a 
the second and third hours of the outgoing tide. 


_ The small-scale e experimental plant consisted of small tanks 2 ft by 5 ft in 


Sand yellow brass 18 in. by 21 in. could be placed.) The screens used in te a 

"experiments were of three sizes of slots: in., in. , and $i in. by 2 in. long. 

: The small tank used for plain fill-and-draw sedimentation tests and for 

i grease removal with aeration was 4 ft by 5 ft in plan and 5 ft deep. This tank re 

x was fitted on all sides except the influent side with sloping false bottoms 30 in. an 


on 20 in. It had parallel wooden bafiles spaced 1 ft 4 in. apart, dividing the — “a 
a tank into three channels and extending within a foot of the effluent end he “ << 


ee. 
Bare 


‘a wooden cross baffle spread across the tank. All baffles extended to 1 within 
about 6 in. of the bottom. The parallel longitudinal baffles had }-in. metal 


2. 


Derention| Four-Hour DrrzntTion 


Frve-Hovr Dersntion | Srx-Hour Deranrion 


“1 
8 | 5 
880 474 52. 40.0 


baffles that could be adjusted to the level of sewage in the canis. iPipeneie = ak 
- dafite at the effluent end extended above the sewage flow. When aeration was a 
-‘Tequired, two removable porous diffuser Plates were placed inside the center at 
of center entering the tank at the end of 


i 
rx ‘- — 
| 
“A 
PLAIN 
Sewer. 
| 5 5. | | 523 | 769 | 62.6 | 
80 
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compartment was forced the longitudinal baffles and under ana 
3 into the center channel again by a spiral motion. The grease collected on the re 
surface was retained by the cross baffle. Air in the amount of about 0.1 cu x: 


The larger tank used for plein sedimentation, both for intermittent and 
continuous-flow experiments, | was 4 ft by 7 ft in plan and 6 ft deep. | Sewage > * 
entered this tank through two elbows that diverted the sewage back against the 
inlet end of the tank. About 1 ft from the influent end a cross baffle extended 


within 1 ft of the tank bottom. A semicircular trough 6 in. in diameter, 
located about 1 ft from the effluent end of the tank and protected by a ‘skimming : 
Date - allessietn used to collect the settled sewage. Weir boxes 6 in. by 6 ft in plan id 
and 6 in. deep were fitted with three baffles to smooth the flow at the entrance % 
of th the tank, and a triangular brass weir was used to measure the flow. The 


sewage flow during continuous-flow tests varied from 9 to 35 gal per min. anH Ba 
the continuous-flow sedimentation tests, samples of the influent were 


Bi ma teh collected as near as practicable to the in influent pipe, and nd samples of of the effluent — 
gi 
collected at the weir box. These samples were composite, « consisting ig of 


oe _ }-pt portions collected every 0.5 hr over a period of 8 hr. The dissolved- 
oxygen tests during the continuous-flow experiments were on samples collected — 
every 2 hr. r The samples collected during the intermittent sedimentation tests . 
ae consisted of composite samples of the influent collected during the period of 
filling of the tank and a 2-qt sample of the settled sewage collected at the end of — oe 
ae the detention period. _ ‘The dissolved-oxygen samples during the intermittent sh 
ae a sedimentation tests were taken at the completion of the tank filling and at the _ s 
‘’ end of the detention period. During the pre-aeration sedimentation tests, — 
i re - composite samples of }-pt portions were collected every 0.5 hr over a period fr 
ey of 8 hr from the influent to the degreasing tank, the influent to the settling tank, % 
Be and the final effluent. Dissolved-oxygen samples were taken at these locations + ef 
mo _ . every 2hr. Table 7 shows the results of average analyses of the samples of 
raw ‘Sewage col collected during the tests from the three sewerage systems in 
oe "es Table 8 shows the results of the analyses made during the plain s sedimentation eo 
tests. This table includes only those samples" having an initial suspended 
4 - solids content by 100 to 300 ppm. The number of samples listed varied, in the Me 


pare Table 8): “Sat: 


eT ‘The results of these small eijeilinaabal plant tests ahowed tha that, , although the 

a a “i fine screens removed the larger suspended and floating solids, they amie only 
- ee a. small amount of grease or fats, one of the principal causes of complaint of the 

re ee ‘discharge of sewage into Boston Harbor. Only 5% to 8% of the yo 


solids | were removed by fine screens as compared with about 50% by sedi- 
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of the Boston Main Drainage System where of the 46 ppm o 
grease could be removed by skimming and sedimentation (14)... -Pre-aeration 


2 the sewage was not successful in the over-all removal of fats and would ve 


indicate that the use of air alone, before e sedimentation, i in connection with these — . 


| 
would not be justified. at | blod ste = 
of the existing storage tanks was for the large-scale experiments on 


= 
sewage of the Boston Main n Drainage District.. This tank, wl which | is 
: trapezoidal i in shape with sloping ends, is 162 ft wide and has an average a 
bei of 612 ft. In order that it might serve as well as practicable as a sedimentation — 
F eS basin, it was equipped with a dike and skimming baffle, and gates were inst: installed — = 
a to prevent sewage from flowing out at the bottom of the tank. Five of the 
F 


a * outlets at the end of the tank were closed by bulkheads, and the two end 


openings were closed by sliding wooden sluice-gates. The dike wasa trian gular- te 


_ shaped wooden structure about 9 ft high and 16 ft on the two equal sides, and 
. het extended symmetrically from the end wall of the basin to enclose one of the a : 
a. existing arched openings. The o opening was the only outlet of the tank after @ 
g bulkheading and gating the other openings, and it acted as an outlet for the eh 
. tank during the « experiments. . The top of the dike formed | the crest of two 
~ sharp-edged weirs each 13 ft long. . The skimming baffle was a floating vertical — 


be wooden structure 3 ft deep, of which 2 ft were wren held 6 ft out from, 5. 


and settled sew age during the in the case of 


continuous were token to show ‘the difference i in 


aT 


Istanp, Boston, Mass. 
sewage, and the continuous discharge ih (Averages of 


‘settled ‘Sewage. _ Measurements 
made of the flow of sewage through 
the experimental tank showed that Peseription 
the average flow was about 60 mgd alts. Shy 
and that the detention period varied Bree 
1.7 to 5.8 hr, with an average of 
 28hr. Table 9 shows the results of 


these settling tests. i 


4 large-scale e experiments was somewhat weaker than the sewage of the small-scale a p 


ji 


ae ‘experiments. _ The samples collected from hour to hour showed that the sewage — 
was strongest during the afternoon and and weakest during the 
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sts, § In the first experiments the settled sewage was stored in the other three A 
iod remaining tanks used for the storage of the sewage for discharge on the second 
nk, i - and third hours of the outgoing tide. In later experiments the settled sewage __ er - 
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ON GREASE IN SEWAGE 


The purification obtained in the larger tank compared & 

It was that the amount of scum, garbage, and other floating m matter st 
i retained by the skimmers was much greater than expected, and rough estimates i eae 

i indicate that as much as 40 cu ft of such material per million gallons of sewage ee Be ie L 
a q a _ Although he was not entirely satisfied with the results of the large-scale 4 = sl 
experiments (because the tank used was not well suited for sedimentation), the 1 

Bee ¢ writer was convinced that a comparison of the results of the various experiments _ 8 


skimming of the sewage will result in improved conditions in the harbor by = 


Be greatly diminishing the sleek areas; 
ss Pests made during 1940 relative to clarification of the sewage at Nut Island — 


ae oe with the aerial photographs of sleek areas shows that proper settling and oat 


< 


included the use of certain coagulants. The raw sewage in this case had the 


ewemerHh 


The result experiments is given in Table 10. Tests made by stirring 
=  * ‘some of this sewage for 15 min, followed by 1 hr of settling, showed a 27% eet 
decrease in turbidity over settling alone. Later tests were made to 

Ae thee effect of stirring the sewage prior to ‘settling. _In this case, since the sewage ae 
was received ate ifferent times, there was a decided difference in its strength, 
‘and each run was treated separately. Turbidity, suspended solids, and fats 
were determined for the raw sewage; for sewage that had settled 1 br; for raw “3 


4 


TABLE 10 —PERCENTAGE -Repuction min and settled 1 hr; and for 
Vartous TrEATMENTs oF Some Con- 
-minwith 8% by volume of sludge 


= 


< 


a = and settled 1 hr. Stirring the 


showed little effect. use of 


78 | 91 | 78 | 88 | 94 | 66 
75 as the modified, rapid type of filter 
| 90 90|90|.. gave the best results (see Table 


11, items 1 to 18). In 
pee gallon, plus sedimentation, a ‘shown in Table 11, items 19 to 
36, samples stirred with 10% (by 
Beads volume) of returned sludges gave poorer results than: stirring the raw sewage alone. © a 
me Tests were made on samples collected on February 27 and 28, 1940, of the — : 


a, raw euwage a and of the sewage after 1 hr of settling. The e sludge collected from i 


= 

= 

i 

4 

| 

: 

— 

i 


to the condition found at the Lawrence ‘Experiment Station from 


— 
@ 


Mass., with alum and collecting the precipitate. This 


five 1-gal ran settled and tap water. 


About 10% by volume of this sludge was added to portions of the different 
 gewages, aerated 10 min, and then stirred 5 min and settled 1 hr. 
3 Another sludge was prepared by coagulating a gallon of sewage from vs 


pe! 


ed ot of rom the pre 
of Boston sewage with alum. Lawrence sewage, however, was used in pre- 
z - paring this sludge because there was not enough sludge from the Boston sewage. 
3 On the whole, stirring Boston sewage with added sludge has shown very oe 
“little be beneficial action over stirring the raw sewa age alone, but with some lots of 
sewage the sludge did show improved results. It was conceded, however, that 
the action was so uncertain as to make its value doubtful, and there was a ree 
~ tendency for such sludge, after it had gathered up colloidal or fine suspended — eer 
‘matter, to give it back later into the sewage being treated. This condition i is 


_ stirring ferric and manganese h hydroxides i in water. 4 Table ll, items 37 to 64, 


a" shit was the opinion of George O. Adams, chief chemist at the Lawrence 


- . soaps, thereby i increasing the fats removed by plain sedimentation. _ He was of 
ie the opinion that 20% more fat could be removed by aeratien than by stirring, 
these fats to be removed chiefly in surface scum which could be skimmed off 
It was interesting to note that in the plain sedimentation tests there was an 
average removal of 71% of the suspended solids i in 15 min, , whereas 15 min inof 
stirring increased the removal to 81%. It was “also his o opinion that aero- 
= chlorination would be desirable, provided that the results warranted the hered 
it was his opinion that aero-chlorination would have little effect o m the 

subsequent removal of the suspended solids. } 

Experiments were made in 1934 by the Massachusetts Departinent of 


: ¥ Public Health in connection with the disposal of sewage from the South Essex 9 


_ Sewerage District for the removal of fats. The sewage of this district is from 


Salem and Peabody, Mass ., where there are many tanneries and other industries 


having. wastes containing considerable ‘quantities: of fats; from the City of 
ae Beverly, Mass., where the sewage is chiefly domestic in character; and from a 
large mental health hospital and certain other institutions. ‘The average flow 
3 of sewage from this district at the time the tests were made was about 13. mgd 
a ‘(with average flows during weeks of minimum flow of 7.27 mgd and average Zs 
: a flows during weeks ks of maximum: flow of 25.80 mgd) . It is estimated that the - 


total population served at that time was 94, 850. The s sewage works of 


j 
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on Grease IN sewAGE 
a — 
» sludge collected and concentrated; 10% of this sludge by volume was stirred 
= | 15 min with the different Boston sewages and then settled 1 hr. This last ea = 
i= 
— 
— 
Pe 
B wc! * from these experiments if the period of stirring were longer, preferably twice as see ae eg 
e. 9 | long. It also is his opinion that the reason for greater removal by plain — 2 
§ sedimentation of the sewage from the South Metropolitan Sewerage System 
eo p ag _ than is found in some other places is due to the presence of salt water in this Oe —_— 
5 
» 
ts 
— 
he 


TABL Errect oF Stirring Prior To SerrLine 


Suspended solids 


Turbidity 
is Suspended solids 
“Fats 


Pe 


50 38 


Average of Five Samples (Items 1 to 15): Mg oe 
Turbidity 

Suspended solids 

Fats 

10:00 a.m. to 1:00 p.m., February 13: ii os 

Turbidity 

solids 


Fate 
2:00 


Turbidity 
Suspended solids 
6:00 a.m. to 9:00 a.m., February 14: | 
_ Suspended solids. . . 
Average of Five Samples (Items 
Turbidity 


9:00 a.m. to 12 Noon, February 
Turbidity 
ended solids......... 


Vee 


> 


BSS 


ren 


1:00 p.m. 
Turbidity 


26 8235 S88 SRF SSE 
See 


A 


Average of Five Samples (Items 37 to 51): 
_ Turbidity 
Suspended solids 


* Raw sewage, settled 1hr. * Stirred 15 min and settled 1 hr. ¢ Stirred with return sludge and settled 1 hr. 
Raw sewage passed through modified, rapid type of filter. Th 


hd 


j 6 t 
— 
57 
74 
of 
— 


district e such that from. Beverly the institutions is 


pumped into the same outfall sewer that receives the sewage from Salem and 


harbors, 8,300 ft from wating the water at low tide is about 30 ft 


The Salem and sewage combined a suspended solids 


05 Ib, per capita per day. 


ae The experiments for the of fats sewage were in connection 


only with the sewage from Salem and Peabody and consisted of tests to de- 
‘eatin the amount of fats he by fill-and- draw sedimentation, by aeratio 


‘sir was applied, the average rate of diffusion was 0.18 cu ft per ale! a 


through a filtros plate set in the bottom of the tank. 


that, with 8 a detention period of 7 to! 10 min, the removal of fats: was 57. 1.9%, 0 or 


bout 400 Ib per million gallons. of sewage treated. 1 ‘Thes amount of fats removed par: 


the sewage treated. Tests made with the application of air for a period of as: 
min, followed by quiescent | sedimentation for an additional 7 min, showed a 


- simovel of fats of 57.3%, or 425 lb per million gallons, and the fats removed by 


comparable a: as the s sewage ge to which the air was ‘applied h had a higher fat content 
the sewage which received no air application 3 


owner. were equal to about 2.0% of the total fats in the raw sewage. It 
should | be stated that the tests with and without the use of air are not wholly | 


In the continuous- flow experiments, a detention period of 37 min was 


provided by throttling the pr pump delivering sewage to the tank, ‘Here the fat ; 
content of the sewage was 108 ppm as compared with 83 ppm in the fill-and- E 
- draw tests and 89 ppm in the test with air. This continuous-fi ow test showed a 
~ removal o of fats of 54%, which is equivalent to 484 Ib of fats per million gallons 
ss In these experiments an average of ten samples of the sludge that settled out 
in the tanks during various forms of sedimentation contained 16.2% | of fats. 
Tests also were made in connection with the sewage of Salem and Beverly to 
determine the separation of fats from the sewage by the use of salt and chlorine 
wy In the the salt tests, sodium chloride was added i in | amounts of 6. 5.75 Ib per 100 gal 
“of sewage. sewage in this case had a fat content of only 46 ppm. After 


content of 18 ppm, showing a fat removal of 60. 9%, of which 2. 2% was repre- 
2 - sented i in the skimmings. Using the raw sewage with a fat content of 46 ppm 


it 
— 
i iim 
9 — 
capita per day. ihe combined sewage Irom the Uity oi Beverly an e 
c 
| Solids content of 0.14 lb, and a fat content of 
baffle. Two circular wooden tanks of 2,000-gal and 400-gal capacity were — 
= 
re - into which the sewage was pumped from the trunk sewer of the system at .. Be .—l a 
point about 1 ft below the normal flow line in thesewer. Theconnecting piping 
— 
¥ 
im 
byskimminge atter 7 min of sedimentation was equal to total tats in 
— 
ave 
_ 
Wy 
Wee 
— 
— 
: 
iii 
— | 


air ga followed with a quiescent period of 7 fat 
content was reduced to 12 ppm, a reduction of 74%, of which 4.0% was repre- ih - 
sented i in the skimmings. tail Bi ‘Ag ait) 


Bi oa Chlorine in amounts of 10 ppm applied to sewage containing 90 ppm of fats, rs 
- followed by a quiescent period of 7 min, reduced the fats in the effluent to 34 _ 


hoa to Vir) ond 
Parts per Million 


he 


‘Treatment 


Detention period 
Fats skimmed 
(%oftotal) 


Sedimentation’... 23| 7 | 83/35 | 57.9] 400 | 0.6 58.2 | 2,760! ... 
89/38 | 57.3 | 425 | 20/../.. 
3 87 |108 | 49 | 54.4 | 484 | ... [683/203 | $9.7 2,840)... 


3,000 7,500), 


7 
60.9 
6 
0 


3,600) 6,800} 0.18 


ey 


«Chlorides. Fill-and-draw sedimentation. Determined only two runs. ¢ Aeration followed by 
sedimentation. * Continuous flow, with skimming baffle. / Excluding certain preliminary runs. ¢ Sedi- | a 
aa mentation with 6.75 lb (per 100 gal of sewage) of common salt added. * Sedimentation with 10 ppm ~The 
chlorine. Sedimentation before and after aeration, with 46.5 ppm of chlorine added. Sedimentation 
after aeration, with 10 ppm of chlorine added. * Sedimentation before and after aeration, with 6.75 lb of | 


ppm, are reduction of 62. 2%, of which 0.9% only was in the ‘skimmings. — Ce 

a in amounts of 10 ppm applied to a sewage containing 91 ppm of fats, followed | a 

_ by aeration for 7 min at the rate of 0. 18 cu ft of air per gallon of ‘Sewage and a . : 
oe "quiescent - period of 7 min, reduced the fat content to 35 ppm, a a reduction of — Bs 
61. 6%, of which 2.4% was in the skimmings. The addition of 46.5 ppm of 
Aas dl chlorine toa A sewage having a fat content of of 30 ppm, followed 1 by aeration for 13 
ies min at the rate of 0.18 cu ft of air per gallon of sewage and a quiescent period of f 
hs a min, resulted in a fat removal of 86.7%, of which 2.6% was in the skimmings. ae 
The 1e results of the analyses of the samples collected during these experiments 
= aetet ae shown in Table 12 and confirm the results of the experiments made on = 
into Boston Harbor, in that the additional amount of 
a Fie removal of fats by aeration did not appear to warrant the addition of aeration to S 


plain sedimentation of the sewage without further treatment for the removal ie 
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SEWAGE 
upwia,’ Jun. Am, Soc, C. E.—A 
"grease problem in sewage treatment is presented in this paper. The authors. tas 
necessarily limited ‘thei discussion of new procedures for the 


arent in interest in the the possibility of revising | and i ‘improving the old, standard — 


“methods procedure, . The writer recognizes that detailed discussions of the 
_- various analytical operations making up the proposed new procedures are of ‘s 

chiefly to chemists, ‘However, a brief ‘consideration of the fundamental 

ie. principles involved in these methods should be of considerable interest to the 

ngineer. Such consideration promotes an understanding of the basic char- 

cteristic ¢ properties ai and nature of greasy “substances, an understanding 

-yiously prerequisite to an intelligent solution of an engineering grease-disposal 


Considerable ¢ confusion exists in the literature dealing with the rt yl 


"determination of grease, and perhaps , most of this : arises from the lack of an 
definition of just what the term “‘grease’’ should include. Some 
questioned, for example, that both organic derivatives | (lard, butter, soaps, 
ete.) and mineral derivatives (kerosene, fuel oils » ete.) should be included; 
a others suggest differentiation between ‘“‘greases’’ and “oils,” according to 
A te. whether they are solid or liquid : at room temperature . Again, @ purely theo- 
- retical definition of grease on the basis of chemical constituents leads to con- 


~ fusion because certain substances included by such definition have little or no ni 


occur in appreciable quantities in domestic or industrial wastes and which 


ET 


e—that i is, those substances the pacar prop- 


“agglomerate, ‘usually at the surface of the medium (hence their “sanitary sig- Pes 
nificance”) in which: they were originally dispersed in colloidal. state. The 


method of grease determination; and, further, that having adopted such a. 


_ method, grease should be defined thereafter as just those substances which are a ae 


The old standard methods (1) procedure for determination of grease 


vents any non-solvent-soluble and magnesium soaps) to 
: oe greases (hydrogen soaps or fatty acids); and (2) the operation 


U. 8. Public Health Service, Atlanta, Ga ED suid 


| 
— 
— 
— 
devise a single test that will reco re. those substances which are 
ts the sanitary engineer a 
exties of which are e” again include a multitude of 
_ of multi-varied : 
— | 
— 
iz 
dryness, and | ethers A 
evaporating the t such as chloroform or petroleum 
ty 4 liy used for making the extraction. The 


evaporating the s sample to (which removes the 


_ leaving a dry residue on which the extraction is easily made) does not appreci- 
alter the state | or nature of the grease materials in the system. 


Various investigators (9) (33), particularly Messrs. Pomeroy and 


=e (34), recently have made a critical study of the standard methods procedure, = i 
and have discovered that numerous errors result from the operation of evaporat- ‘oe 


“ing to dryness, because changes in state do yoceur. These changes may be classi- aS 
a according to Messrs. Pomeroy and Wakeman, as follows: (a) Volatilization 
of grease; (b) reversion of fatty acids to insoluble SOAPS; (c) production of ether- 


“soluble matter (from combined fatty acid radicals without greasy character- 
_ istics, as egg yolk); and (d) treatment of oils by oxidation and polymerization. os 
rs, "Messrs. Pomeroy and Wakeman subsequently devised a novel “wet extraction” 
procedure (similar to that commonly used in analysis of oil- field wastes of 
milk) which eliminates the troublesome evaporation operation. solvent is 
3 Bae. _ added directly t to the acidified sample, and t the entire mass is shaken thoroughly. a 3 
a Eas _ After the solvent separates from the remainder of the medium | (special ree 
ae “nique may be necessary to induce this separation), it is withdrawn, filtered, and | a 
evaporated, leaving t the residue to be weighed. By this procedure the afore- 
<a ‘mentioned errors are largely - eliminated. It should be noted, howeve er, that 2 
, in both the standard methods procedure and in the Pomeroy-Wakeman method, aS 


sa 


“alll of the solvent-soluble materials originally present are recovered, ‘regardless ae 


Farnsworth Gray, and A. M. Rawn, Members, Am. Soc. C. E., devel 

5 - a procedure (33) based on the tendeney of grease materials to be removed 3 

¥ from suspension and to collect on the surface. This procedure, again an adap- > 

(being commonly used i in soap chemistry), has been called the e “‘boiling- 

on chilling” procedure by the writer, ‘because these two operations are of basic oa 

importance. Essentially, the method comprises acidifying the sample, boiling 


for a few minutes, chilling in the refrigerator (overnight), filtering, drying the | 
ists ee filter paper and retained solids, and extracting the g grease from these with a suit- a ' 
a able solvent, either directly or by means of a Soxhlet. The operation of boiling By his) 
serves a dual function: (1) To insure complete conversion of insoluble soaps to =, 
a soluble { fatty acids s (it i is the experience of soap chemists that, in a cold process, ee 


conversion is incomplete even under highly acid conditions); and (2) to concen- 


~ trate the grease in a surface layer or in surface globules (if desired, a large part of © RS 
the underlying liquid may be drawn off at this point). The operation of chill- - Ess 


ing serves to congeal the grease globules so that they may be separated later — e a 
the system by the operation of filtration. “Any solvent-soluble. 
ot which are present in the liquid drawn off after boiling or which are not retained — ; 

on the filter paper during filtration thus will-not appear in the final grease 


‘Messrs. ‘Okun, Hurwitz, and ‘Mohlman (9) subsequently tested this pro- 


- cedure, and developed an improved technique by utilizing certain inert sub- ae 
‘stances: to increase mechanically both the rate of filtration of the 
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DICKINSON, GREASE IN “SEWAGE 
bei note that the of grease tentatively approved by 
the Committee on Research of the Federation of Sewage Works Associations 


= by Messrs. Okun, Hurwitz, and Mohlman, the final extraction being ae 

made in a Soxhlet apparatus with either petroleum ether or hexane. 
The question as to which solvent is best suited for extracting the grease from Bei 
the dry retained solids is a problem in itself. Here again the question of just — a 


what i is included i in the term “grease” is pertinent. ‘The best solvent would be jf we 


amber of paren ig mie recommend hexane as extracting a minimum of non- 
grease materials and yet having sufficient solvent properties to extract most of . 
“4 
Esq.— .—For years sanitary engineers have accepted the 5 
4 fact that there i is grease in sewage and that it hinders plant operation. There Bs 
have been a number of instances in which grease was considered a factor in plant _ 
a a design, but but by and d large it was not given a very intensive study, and the paper, 
therefore appears at an opportune time. The question of sewage 
de at army cantonments has focused some attention on this grease problem. Con-— 
sidering 1 the large percentage of grease in raw or primary sludge, it is rather 
4 surprising that more work has not been done « on the effects of grease in sludge % 
_ digestion. Messrs. Fales and Greeley comment on the lack of a more standard- 
method of grease determination. The latest edition of “Standard Meth- 
ods” contains reference to this subject. _ The authors are to be complimented — 
on their excellent ‘Paper, | particularly the part ieee with the methods of 


DENIS DIcKINsoN,’ Esa. —The question as to which solvent aly with th be 


AT 


quent disposal of the sludge, then there would appear to be sufficient reason 
for the adoption of chloroform as the solvent, since it is affirmed that this” : 
liquid also extracts resinous ‘substances that are likely to be more difficult to 4 a. 
break down biologically than the less complex fatty acids. Especially « does 


rye difficulties that may arise in n the purification of the sewage and the Lai 


‘sea or in a water course. On the same grounds, should be 
i testing the efficiency of any grease removal plant. On the other hand, — 
it is desired to assess the ‘practicability of grease recovery, then a ‘more — 
ee is interesting to note that. the ratio of the | grease as determined by 
i “chloroform to that determined by petroleum ether is frequently constant for 
a. ‘sludges from any o1 one “sewage, although the data available are not sufficient t ; 
aon justify any generalization on this point. It would appear that there is much 
in Chg. of Water and Sewage Purification, Fort Worth, Tex. 
emist, it, Stockport Werke, 
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to be | learned study of the characteristics of ‘the by 


‘ai i. all seeds having been destroyed during the extraction process (37). The pele i 
ae Xs, is a very important point a as it pare considerably the market value of the i. 
lis practice of burying grease, owhich is mentioned in the paper, 
e be condemned too strongly, as it is to be feared that in many cases it merely — 4 


defers the day on which final disposal must be undertaken. 


a 


an, a ell very large amount of grease is often discharged from slaughterhouses and one 


meat factories. Much of this can be eliminated by i intelligent 


small; they should be of a size such that the intermittent 
discharge of hot effluent cannot melt and emulsify the fat which 
floats on the surface at the outlet end of the trap. 
Cuaruzs R. Veuzy,’ Am. Soc. E.—A comprehensive description 
' . of the ‘general problems resulting from grease in sewage is presented prt 


‘upon coveiving g waterways, and a brief statement regarding 1 methods of 
“a oe In sewage treatment works, grease disposal is always a problem to the operator. — ; 
magnitude depends upon the size of the plant, the > quantity and character- 


Dh: ‘ead j. istics of the grease in the sewage, , and the facilities of the ‘treatment plant. oo 
Brief comments on the handling and disposal of grease at sewage treatment a 
Although skimming of grease from s tanks is reasonably 
cessful, the skimming equipment becomes coated with grease, it is unsightly, 2 


ja and there is a tendency to produce odors. The equipment is commonly a: 


eleaned by scraping. On larger installations special cleaning equipment using 


ae ae combination of steam and a cleaning compound may be used effectively and g 
with a saving of labor. Frequent cleaning will keep the equipment in satis- ig oe 

q After g grease has been removed from skimming tanks or ‘sedimentation tanks, 

’ ee = it must be transported to the point of disposal. In small plants this can be 4 


oe done by hand. In large plants pumping is probably the most satisfactory 


4 


= The difficulties involved result from the characteristic of grease to 
to whatever it comes in contact with, and from the presence of floating 
_ trash which comes off with the grease. This combination defies screening, x 


: a to clog pipes ¢ and pump valves, and forms a stiff mat when allowed to 


Although these conditions cannot be eliminated, a number of things can 
ae done to minimize the difficulties. Trash can be reduced by good amnaning of 4 


q 
5 
a 
> 
— 
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‘with sufficient water, using jets or if necessary. 


ret" In some cases grease will coat the interior of piping ¢hrough which it flows ee 
to such an extent as to increase friction head greatly and necessitate removal. 
- This has occurred at the Buffalo, N. Y., plant and there the application of 
steam inside the sludge line has kept the line open. It has been necessary to 
apply steam at intervals of from four to six months. it thas been 1 introduced AS 
an with water so that the grease is actually melted 


* an other conditions. In the small plant where grease is handled manually it a3 
be buried. In the size plants iti is piped to low areas 
_ where it is drained an 
to digestion tanks. "This the advantage of the quantity, as some 
_ types will digest, and also adding to the amount of gas produced. Some grease, 
however, does not digest, or at least is very slow to digest, in which case it 
~ accumulates in the top of the digestion tank. If the accumulation becomes 
el feet thick, it tends to form a stiff mass, and d takes up volume in the 
tank needed for digestion. _ This mass of floating material consists of trash 
with varying proportions of | grease and is frequently called scum. If it is of 
_ excessive depth, it may become necessary to remove it. _ If the treatment plant 


employs incineration for sludge disposal, the ‘obvious procedure is to burn the 


There are at least ‘$¥é' problems. involved in this method we. disposail. One : 
. 4 that of handling the grease in this condition and the other is the control of Rare § 
temperature | in the incinerator. At Buffalo the ‘Scum or grease in ‘the sludge 
- tanks i is softened with a spray of supernatant liquor until it will flow and can 
be pumped. - Iti is then drawn off and mixed with sludge for filtering and 
7 incineration. My ‘Temperature i in th the incinerator is controlled | by regulating the 


In general, problems of handling and disposing of grease must be solved a 


characteristics of the grease use obtained at the plant. Some p procedures that 
have been used with varying degrees of success have been indicated. 

‘sewage, from the the standpoints of determination, removal, handling, and and 
> _ disposal, constitutes one of the problems « of ‘sewage treatment requiring, con- 


= _ F.M. Dawson,’ M, Am. Soc. C. E. —In discussing the various methods of 


_ grease removal from sewage, the authors made brief mention of removing grease 
_ at the source of the sewage by use of interceptors. _The writer believes that this f +a 
method of grease removal merits greater emphasis and consideration ‘than 
hitherto it has received. This is especially true at present, when it is so vital 
to save all greases and oils. reclaimed greene, and oil will be! in the 
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est condition. for further use if ‘if they are ‘removed from sewage as S soon as a J 
common type of grease interceptor has not proved entirely 
in the past, owing to the fact that proper consideration was not given to its. _ 
design, ‘installation, and cleaning. Hitherto a fi a fixture was installed d frequently 
because some code or regulation required it, and then it was more or less for. + 
= gotten. However, the basic principle of separating the grease from the water Se 
as close t to the source as possible is sound. tl that was lacking was good en- 
gineering in the design and installation of and proper maintenance 
in Contrary to popular belief, the grease is not separated fr the i incoming 
ae water, as a result of a reduction in temperature as the water flows > 
oe through. The grease must be separated in a liquid state since sufficient time 
a oa is not available for cooling, and also since the temperature of the interceptor is at 
almost alwa ays, when in operation, above the congealing temperature of grease. 
_ The separation is obtained by securing a proper reduction in velocity of the 
entering water by use of baffling and by preventing the occurrence of large-scale — 
turbulence. _ Proper separation depends mainly upon the density difference 
between the grease and the water. Well-designed interceptors ors will ‘maintain 


a : an average efficiency of 90% for a flow rate equal to 1 gal per min for each 1. o, 
to 1.5 gal of interceptor ca capacity. proper design of interceptors, however, 
involves the application on of experience with, and knowledge of, 
fluid flow. It is well known that the general problem of separating fluids o 


_ different densities is one of importance in many manufacturing plants. . The ge 
particular case of grease and water is in 1 principle little different from many 
a: My others, but it is greatly complicated by the many types of wastes carried from — - 
the kitchen sink or other sources of waste water, 
The government is installing commercial- type interceptors in the kitchens 
Bese. of all cantonments and many other army and navy establishments. Toi insure he 
4 that the interceptors will perform properly, each type should have a laboratory 
Bei test certificate. The ) Towa I Institute of Hydraulic Research at the University 
of Iowa, a, in 1 Iowa City, in cooperation . with the Office of the Chief of Engineers 
manufacturers of grease interceptors, has developed a laboratory-test 
“ Sie and a rating method which indicate quite well the field performance __ . 
of interceptors. ‘ig By' this procedure interceptors are rated according tothe rate 
a flow, in ‘gallons pe per minute, ieee! they can handle and still retain, on an 3a 


average, 90% of the incoming grease. From tests on a great many interceptors, _ 
it it was decided also that, for the : stated | flowr rate, an interceptor sho should maintain 4 @ 
average efficiency of 90% up to a grease-retaining capacity equal, in pounds, 
to twice the flow rate in gallons per minute. Thus, a 25-gal-per-min interceptor — 
should maintain an average efficiency of 90% with a grease capacity of 50 Ib. Pa — 
ee is hoped that the war needs for grease and oil will emphasize the many - a 
 gubilaiiaes of separating grease and oil at the source, and thus interest more | > 
‘oe hydraulic and sanitary engineers in the proper design and installation of grease - 
and: oil interceptors. All restaurants, hospitals, hotels, and similar types of g 
ee: es commercial kitchens should have interceptors near their sinks. For the ordi- 
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£ not | be below 15 gal per min, and preferably : not below 20 gal per min 
cleaning, at least once a week, is of of prime in importance, 


Aumon L. AND SAMUEL A. GREELEY, Am. Soc. C. 
. Weston’ discussion of this ‘paper is the result of a large amount of Pa 
- analytical work and experimentation based on a forward looking conception of | 


_ The data illustrate the elusiveness- 


this i is & relatively long period and pees was one of ie reasons for the: ex- 

n sludge, chlorine, and salt, The discu 
indicates a leaning toward slain ‘sedimentation for the removal of fats. 
| Me. Ludwig has presented 8 an up-to-date discussion Tegarding the analytical — 


determination of grease. His statement that the determination of grease in the 


It be well to that often much grease is removed 

as well as with the scum. In general, this discussion prompts the suggestion — 
F 3 by the writers that operating records ds could well b be kept in the form of a grease 
= - balance in which the grease in the raw sewage would be distributed to the 
recovered i in scum and the grease in the effluent. 


- cannot be condemned too strongly. In the opinion of the writers this state- _ 
ment does not apply to the smaller sewage ) treatment plants with sufficient 
adjacent land area for ‘disposal by burial. This is a simple method 
avoids some of the operating problems of grease disposal in larger plants. 
_ Such operating problems are well described in the discussion by Mr. a, 


‘The removal of greasy scum from sedimentation tanks, the operation of Lage . 


in design. formation of scum in sludge digestion tanks i is another 
- ing problem. Such problems: are accentuated by the presence of small pieces 
vg trash in the scum and sludge which Mr. Velzy indicates can be reduced by | 


oe The discussion by Mr. Dickinson states that the practice of oon vad ow 


screening. Another problem | n discussed by Mr. Velzy is the control of 


temperature in burning. greasy scum. ‘These problems indicate that operating 


analyses or research studies might include determinations of viscosity, congeal- — 
Dean Dawson calls attention to the grease iatereeptor which is a device for 
_-Temoving grease at the source of the sew age. The writers doubt that such a t 


; pplicable at places where relatively large amounts of grease s are likely to enter ES 


pe the sewers; as, for instance, garages and ote kitchens, such as those at hotels — 
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PALES AND ON “GREASE IN 


kitchens of army cantonments. Several municipalities have 

ordinances re requiring installation of interceptors at garages and large 

hb general, when the disposal of the intercepted grease is difficult, the main- 


, 1942, the paper was published in 


for the Examination of Water and Sewage” ll ch a 


= method. The war year, however, has tended to retard the accumulation of _ 
data, an uperating scale, regardi ng grease in sewage, effluents, and sludge. 
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not new, having been used i in Europe, it is none that the design introduces 
e q a new type | in American. practice. wa The structure differs from the usual tied 
arch in that the ratio of the moment of inertia of the tie girder to that of the 
tee rib is approximately 13 to 1. . With these relative physical properties, th 


total bending moment taken by the rib and girder together is divided between — 
these two elements, the major part being resisted by the girder, (The distri- * 


edited of bie apiash baddies odt ot 
: me St. Georges bridge (Fig. 1) is designed to carry the DuPont Highway over 
eg the e Chesapeake and Delaware Canal at St. Georges, Del. It consists of ofa 540-ft 
span over the canal flanked on either ‘side by steel plate-girder and rolled-beam 5 
approaches, the over-all length between abutments being approximately 4, 200 


: ob both the essential provision for clearance and a solution that would be s: satis. 


_ factory from the esthetic standpoint. % 
Provision for full clearance below the floor level for the entire span limited 
sl the possible types of structure. Studies made by the architect and the engi- 
re ne neers resulted in the selection of a tied arch. With this type, it was possible to 
extend the main line of the approach girders through the tie girder of th arch = 
thus, through, this. esthetically dominating line in the to give 
Associate Prof., Civ. Eng., Columbia Univ., ond Engr, Waddell & Hardesty, 


— 
_ 
The procedure used to determine the preliminary and final designs for 
. iim 
“Sag 
bution of this bending moment has been discussed elsewhere by Nathan M. 
— 
— 
q 
— 
— 


SPAN 


ac continuity, a feeling of unity, to the a construction. Further emphasis of _ 
this main element of the esthetic composition was secured by designing the arch : 


approaches were possible—but, after due 


a this plan of treatment seemed to be the most widening, It is not the purpose ¥ 
of this paper, however, to develop thie of the | St. in ereater 


A. 


~ 


% 
ott In line with this adopted plan, the tie 5 girder was made the iin ‘bgt’ as 2 
the approach girders—about 9 ft; and a depth of 3.5 ft was selected for the = 
arch rib. With these dimensions, the tie girder will resist the Major part ¢ ofthe 
Such a structure is multiply indeterminate, and it is the purpose of this :¥ 


The letter in this paper are defined where they appear 


‘By making some reasonable assumptions which did not introduce an 
a error in the : analysis, it was possible to simplify the problem con- 

siderably. In the particular structure being considered, the hangers were 
ae a rather long and slender, and it was assumed that they would not resist =f 


moment but would carry only direct stress. to ott 
-% im Asa first approximation, in the preliminary. analysis, it was further assumed 


3 that the arch rib resisted no bending moment—that it was subjected only to 


iit 
a » than ac ¢ ‘ 
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times. the vertical distance between the neutral axes of the girder and rib. 


This can be written as follows Big. 2(a)): pen 


of the t tie M bending mor moment to be by the tie girder; 
Me ‘simple beam bending moment at any vertical cross section A-A (Fig. = 


2a) produced by the external forces. The horizontal component of the rib 


compression is taken as the redundant. To determine this Pot H, a shai 
determinate substitute structure, obtained by cutting the rib at the center C 


(Fig. 2(6)), is assumed. The of virtual work can be used to de 


Let: A c= horizontal of the two a 

_ to the applied load, with H = 0; Aic = relative he horinonfal Hepincement of th 

two cut faces at a = 


+ 
= Mm" being the bending moment and s” the direct stress in any member of t * 
.. substitute structure (H = 0), produced by the applied loads. The symbol m : 


is the moment and u the direct stress in any of the structure 


| 


formula for H oan be 


m Al 
Bia Et. by 


the difference between the bending moment due to the external loads and the q 
ch a 2 ie oment equal to the horizontal component (H) of force in the rib and a — | 
— 
— 
i= 
— 
~ 
— 
re — 
n- \amember. respectively, used in the summation; E is the modulus of 


q 


TIED “ARCH SPAN 


= 


of the girder, respectively, and Ag is the area of the rib. 


ss q di To be consistent with the assumption that compression ¢ alone acts in the 
Me on rib, the hanger loads are assumed to be equal, and the load points or points of 


ate 


Sa - The effects of a any y deformations in the hangers a are neglected. This rec 

= he mation introduces very small error because the hangers can be fabricated so that 

Ae SA they will have the correct length under dead load; and at any section where the | ‘ 
eee moment is appreciable the elongation of a hanger due to live load is small in 


produced i in rib and girder by that live 


Pn For a first approximation, a constant moment of inertia for the hail is 


Due sit a = 1, the load in the h hangers is m lead to § Tz Per unit of length. 
using the coordinates indicated in Fig. 3. For the girder u = 1, and for the rib p 


Py 


4 


summations indicated in Eq. 4 reduce to the following values 


E 


(ax 


7c, Ar is to be for this preliminary analysis. 
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‘Using Eq. 88, Yafleones values for H were determined by placing a a unit load at 


each panel point in turn, from which the maximum values for the direct stresses ty eae 
in the rib and girder "were computed. Influence values Ma due to unit 


coefficients the maximum live-load moments in the were 
With these preliminary « direct stresses: and moments, sections were det 


proportion ‘of this total moment taken by the rib and by the nine aga ths 
In order to proportion this bending moment at any section ae Qa 


‘flection of the rib and girder at any section will be used. 
At any point P in the arch rib (Fig. 4), let » represent the component 
4 ie along a normal to the arch rib curve at that point. _ ‘From the diff 


in which dl is an element of length o of the arch rib; A ‘is the radius of eurmbens 
of the rib at point P; Mr isthe moment taken by the rib; and Jz is the moment 


Th e dimensions of the structure, 
and an examination of the terms indicates that the first term is large in com- 
with fied formula for 
The bending moment to be resisted by the girder at any sectionis given by 
— 
le 
- Which were ca a8 basis for making tne more exe 
The total bending moment M, which was assumed to be resisted entirely 
by the tie girder in the preliminary analysis, is actually taken by both the rib 
— 
— 
— 
) Me — 
) 


ey 


hem component of the deflection of the arch rib is equal to the vertical 
component of », if the tengentiol component of deflection at (which is small) 


in whieh is the vertical component of v, and a is the between th 


first term of Eq. 10b can be replaced by an expression involving 
= cos a= dt ae q — @ 12) 
Neglecting the ast three t terms of Eq. 12: 


wes 


in which Me ¢ is is the moment taken by the girder, and Ig is the moment of 


ae iit} The total moment Mz r is equal to Me+M Gh and, neglecting the change i eR 
lengths of the hangers, —— . Therefore, using Eqs. 14b and 15: 


Ue ve. 
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ge span of the nk} is 540 ft, with fifteen panels a at 36 ft, and the rise is 


this influence lines for H were determined as follows: 


472 
The tie stead of being straight, follows the curve of the 
roadway, and the factor m in Eq. VW is given by m = y’ = y, in which y is 


moment Mr r to be resisted by the girder arch rib together is given 


j 


influence lines for Mr T as computed for the final design dections. 
‘Maximum live-load moment was computed for the final design sections, and = 
proportionate taken by both the and girder determined in 


te H-20 live load was used. "The dimensions of the structure are shown in 
ig. 6 and an example of the arrangement of the design stresses and sections is 
shown in Figs. 7 and 8. A dead-load moment of 500 ft-kips was included ae 


om stresses at each point to allow for the fact that there may bs wena dead- 


moment i in the s after it is ‘under full dead load. 


4 
2) “With 
i 

ia 

5) 

6a) 
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seat 
The total w of steel in in © span 


Floor 
Stringers 


= 


the analysis, the bending resistance of rib has been trans- 
_ ferred ‘to the girder, giving a a transformed structure i in which. the rib takes only : 


with a transformed moment of inertia. Theoretically, it would also be possible 

_ to analyze the structure as one in which the bending resistance of the girder is 
——— to the rib. This would result in a transformed structure in which 
tie take only tension, while rib would take compression 
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nd would resist the total bending moment with a transformed ment of ; 


izWebs JaWebs 40+" 

43.87 

i Cov. 41 (27° 21.95] 1Cov.4i« ic (27° EFF.) 21.95 |iCov. 41 (27 Eff.) 21.9 
Top: 2705 Bott. 2530 [Top-2G20 Bett. . 2500 Top+2$$0 Bott. +2410 
$03 + 13.82 36.3 482+ 13.67 535.3 


moment | 


f 


i46to | 15960 | 


| i400 [ 2820 | 
16270 17360 19020 


7.670 7430 
23.710 


__1660 


% increase in allowable unit stress. 


> 


iCov. 25*% 18.7Ser. 15.37 18.75 
4 


[2Cov. 40.63 3330 40.63 


2 Webs 108+) 108.00 81.00 2Webs108+b 108.00 81.00 
19.88 (6.5) 


20.16 [iCov. 24.38 20.16 1Cov. 26.83 


Total 3102 | «esos | 3163 
Dist | - 3808 | | 33a: - 
Unit Stresses 4 Moment | -Moment | smoment | -Moment | 


Moment 

Direct [14850] 
| __19930 


y agrees 


in a 
resists approximately 93% of the total bending nd the tib 7%, 8 


a 
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that the used more in t with the action 


i veted up in the postion it twill a assume aie full dead | load. Due tot to the fact 


2Pis.23=4 2 Pls. C17" Eth) 2 Pls. 
[Area 26.8001] 35.009. 26.80nt |35.60yr. 28.10net 


"NOTE Mangers participate partially with rotation of 
Ra. 8,—Exaurus or ARRANGEMENT or Dara: CHARACTERISTICS OF 
that the Tiveting up will be done before the concrete deck ise poured, some 
— method of closing is necessary which will induce a moment in the girder at the — 
time of riveting to neutralize the moment produced by the additional dead — 
load of the floor slab. This will be accomplished by closing the ‘span on me 
pin in the tie girder, at the center of the span located above the center line of ee ee 
_ the girder a distance sufficient to develop the predetermined moment. — | 


riveting this joint up in in the distorted ‘position, the desired wil 


; “at Princeton University at Princeton, N. x: - under the direction of Prof. E. K. a 
-‘Timby, . Assoc. M. Am, Soc. C. i, The “Beggs Deformeter” was used 

a, the strains in a celluloid model. Influence values for both the direct 
stress and the moment computed from the deformeter maasuroments were in 


close agreement. with those calculated by the theoretical a analysis. results 


| 
. Georges bridge i is a project of the’ Corps of Engineers of the U. S. 


Army under the ‘Supervision of Lt.-Col. ‘Harry B. Vaughan, dry 
E, district ¢ engineer of the Philadelphia District. 


tn firm of Parsons, Kilapp, Brinckerhoff and Douglas; Alfred Hedefine, 
Am. Soe. ©. E., is in charge of the design of the La it for the fir: m of. 
Waddell and Hardesty; and Aymar Embury II, 


Fee 
The tie girder and arch rib iia 
arch rib are both cambered for 
cambered for full dead load. However 
on | Carbon | — 
— 
— 
— 
— 
of these tests serve to conirm the correctness 
design anal sthess Of the assumptions made in the 
ia 


¥ 


The following letter symbols, used in this | paper, essentially | 
American Standard Letter Symbols for Mechanics, Structural Engineering, i 
and Testing Materials, prepared by @ Committee of the American Standards _ <n 
Society: and approved by the e Association i in 


A = area of cross — 2 


= horizontal | component. of rib compression and, tie tension; 


: Iz = = = of rib; 
| = length of panel, or other structural member; Al = a segment of l; cia 


simple beam ‘moment any “vertical cross section 
A-A, Fig. 2(@)) produced by the extemal — 

a ip monent, any member of a substitute structure; 
= moment to be resisted by the girder at any section; 
od Mr = qu. 

ae, stress in the substitute structure (H = by | the he applied 


tle = direct stress in any member of a structure, due to H = | ay et vine “ae 


«3 


= horizontal coordinate distance to any point on arch rib or girder; ato, a 


ys = = vertical ordinate to any point on arch rib; a 


vertical ordinate to any point on tie 
= total deformation = relative horizontal ee pee 


ar 


= slope of the ‘arch rib ‘at any ‘Point = angle between the tangent at : 


; 


p = the radius of curvature of the ribat point P. 


ys 
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W. M. Soc. C.E.—A concise of the 
_ basic theory of the design of an unusual type of bridge superstructure is = 
sented i in this paper. The fact principles of mechanics that are in- 


author’s contribution lies in the that he 
a developed for the preliminary | design. The dimensioning of a statically in- 


As far as the writer is aware, the St. arch the first of 
type it in the United States, but several such structures were built in Europe 
before the beginning o of the present war. It has certain definite architectural 
advantages when combined with deep girder approach spans, such as were ac 
possible and economical in this instance. A great deal of consideration - was 
given to the appearance of the bridge | because of its dominating location on 


; 
ob As to the economy of the design, a comprehensive study of the cost of t the 


oe the order of 540 ft, the cost was estimated to be about the same as that of a “s 
_ Warren-type simple truss of the same length, and when | combined with the — 
girder approach spans this layout produced the least ‘over-all cost. of 

_ considered for the high-level design. A low-level crossing with a vertical-lift 
‘main span, similar to the Buzzards Bay Bridge over Cape Cod Canal promised 
to be the least e expensive of all, but this design. was rejected by the client be- 
cause of the heavy traffic « on DuPont ‘Highway ‘and because of the frequent a 
Openings required for ship passages through the canal. A through cantilever 
truss a a self-anchored suspension "bridge were considered for the main 
; span. The costs of these two types were about equal and considerably greater “i 
than that of the arch or simple truss, principally because of the economy of } 


anchor spans for both the cantilever and the suspension type. 
tunnel was investigated and found to cost more than all bridge types. This 
as still the case when a two- lane tunnel was compared with four-lane bridges. 
‘The fact that all piers were built on dry land effected the. economy of the 


in accordance with the economic principle of balapring. the. cost, 


he design of a rie arch span is contained | in this paper. This type of struc- 


_Lt., CEC, U.S.N.R., Bureau of Yards and Docks, Washington, D.C. 
os Strectural Engr., Airplane Div., Curtiss-Wright Corp., Lambert Field, Robe 
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carrying the same loads, and is certainly more pleasing in appearance than any 4 
type of through tr truss. — _ Hence, it should find i increasing use in lo locations where oe 


esthetic considerations are of some importance. _ wh Me th 


 ——— writer wishes to indicate certain simplifications in the preliminary — 
_ design procedure. if the integration is performed in n Eq. 8b, the expression for 


in which k is the proportionate distance from the left end of the span n to the 
unit load. Table 1 shows the comparison between the values of H from this e ; 


and the final values of H given 
by the author. 


VALUES OF ts ito ‘Thus, it is seen that a very close ap- 


proximation to the final line 


By formula Bg ‘Author for H, nd hence to the fin al direct. 


stresses, can be obtained if only the span 
 Tength and the center rise are known. 


| Having the influence line for H, 
38 40 from Eq. 9. Itshould be assumed, how 
the live- Joad moments de- 
termined from these influence lines fepresent the total moments resisted by 
wae The next step i is | to determine the division of the total moment between the oo A 


a girder and the rib. The author’s procedure, u using Eq. ‘16, requires that the 
as of inertia of the rib and the girder be known in advance. | _ However ‘ee 


A 


the girder are known. From the flitched-beam concept, the angle changes we 
along the rib are equal to those along the girder (except “ie change ees 


length of the hangers, which effect will be neglected). wee 


the of the rib and girder a are assumed to be ‘propor to their 
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wales of ‘may be e obtained as follows 


stress due to bending in the girder. In the structure under eonaidétation this we 

vs value i is about 8, 000 lb a sq in. on the gross section . This value may be de- : 
moments previously found i in the following equations: 


i in which fe=  eieanas ‘unit stress in girder on sede section; H = tension ‘ 


load and. e=->,; and M is the, moment due to 


For the case presented in the paper, assume that the ) allowable st stress in 


La “the girder fo = 80% X 24, 000 - = 19, 200 Ib } per sq. in. on the gross section; 1; also, 
E for the allowable stress in the rib, fe = 19,400 Ib per sq in. Since the ari 


_ stresses in the girder and rib > due to bending are approximately proportional 


or mon 


Substituting values, 40 in. de = 108 in., and fro = 


X was = 3, 000 lb per sq in. Hence, the unit stresses due to direct loads are 

pm ratty = 19, 200 — 8, 000 = = 11, 200 Ib per sq in. in ‘the girder and pod = 19,400 


= 3,000 = 16,400 Ib per sq in. in the rib, vine which C, = 1.46 


= The moments of inertia of the girder and rib may be written _ 


 Bince the girder are box sections, assume = C; for simplicity. 


Me (1.46 dg COS 


| 
4 
7 
Sinee fe = few +h + 
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numerical values, $72 Ma ~ (108 Mr ~ 


mehr This agrees very well with the distribution indicated by the author. It — , 
ae may be stated that, by assuming C, = 1, without making any calculations 
i. whatever to determine its value, the distribution of the ane ‘moment to i 
ae rib and the girder i is 12.1% and 87. 9%, respectively. : 
Henee, the foregoing procedure results in a preliminary of the 
ae fae division of the total moment between the rib and the girder, and of the direct a 
stresses in the rib and the girder, with sufficient accuracy that ‘the 
ee oe determined therefrom should be very near the final sections. It is ii em- 
.. center | rise, and the depths of the | tib and girder ‘are known. "Having ‘ee 
obtained sections on which to base an analysis, the final analysis would follow 


_ AvexanpEeR Dopaez,' Esq.—Professor Garrelts undertakes to ‘design a 
multiply indeterminate structure by a simplified method. ‘design of this 
a nature is usually very cumbersome, and in practice various ae cuts frequently — 
are permitted. — However, the introduction of various assumptions by the 
er, without proof of their correctness, has made his paper inconclusive. "4 


‘The disputable | parts of the analysis are as follows: bring 


1. In the preliminary analysis, by assuming: that the arch rib has 


no bending, as well as. omitting the term m Eq. 4 


author assumes that the rib is composed of a number of members pin- connected 
se at the springing a and at each hanger point. - How the condition of continuity — 


in the structure was finally restored has not been shown, 
hes ce _ 2. To find the distribution of bending moment between arch rib and girder, Be 


their relative deflections were supposed to be used, but the differential equation 
(Eq. 10a) holds true only for a thin curved bar of a constant cross section 
_ with circular axis and when subjected to transverse loading only.’ A small 
ae - initial curvature makes a great change i in the effect of ‘ongitudinal forces me 
the deflection of the arch rib. - ‘The correct differential equation for deflection — & 


a The paper does not give full 1 information regarding properties of the struc- oe 2 
ture such as cross section and moment of inertia of the arch rib and the tie a 
aioe Nevertheless, Figs. 6 and 7 give some indications on which the writer ss 


& 


The distribution of moment of inertia in, an arch rib is probably n not we 
- different from that commonly used in practice, variation being proportional to 


ee 1 “Strength of Materials,” by 8. Timoshenko, D. Van Nostrand, 1930, Pt. II, p. 457. ne 


&Ibid., pp. 460-467; see also, ‘Theory of Elastic Stability,” by 8. Timoshenko, McGraw: Hill B Book 
Inc., New and London, 1938, PP. 230-236. ofb ab. abl 
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a. . The average area a of tis: in ‘domputing is probably 
- about 2 265 sq | in., and | the moment of inertia at the crown, I¢, about 48, 000 i in. “al get 
These values will be used in the discussion that as well as the given 


ratio of tie girder to arch rib (13: 1). The table of ordinates in Fig. 6 shows ae 
ih that the arch rib is parabolic i in ~~. with a ratio of = = 0.1 
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k=0.1 02 03 0.4 
10. 0.—Coxrrictanrs oF or VERTICAL 


inertia (at the crown); m’ t= the simple beam bending moment in ‘the arch bie 
rib due to a unit vertical load at point q, when H = 0; ande = the age 
Coefficient of the vertical deflection. 


— DODGE ON TIED ARCH SPAN” 
= 
— 
Bi 
shortening, 
deflection of an arch rib (Fig, 9), at a point 
Tc sec a; Ic = minimum moment of 


the horizontal load Ha is equal to P. ot iy to 
‘The! horizontal deflection da” of the point A due to Ha Jens is 


in which ‘my = the simple beam bending moment in the i ch rib due to a a 


horizontal load at A Cha « (the 
Niisvindie Geffoction,s of the arch rib at P due to a unit vertical load. at a is a 

Mam’ ds ‘ds mu a - 


A 


‘TABLE. 2. —COEFFICIENTS OF VertTicaL AND HorizontaL DEFLECTIONS 


Original Axis 


he 02 04 0.6 ‘os’ 
Sliding Pin Fixed Pin 


Position EFFICIENTS oF VERTICAL ror k Equa To: 


6.1667] 11.8333] 16.5000] 19.6667| 20.8333] 19.6667] 16 
5.5333| 10.6667 15.0000| 18.1333] 19.6667| 19.2000 


—0.0430] +0.2917] +0.4882 
—0.7542| —0.3179] +0.2917| +0.7488] +0.7458| +0.4928|+0.2178] 
—1.1514] —0.7542| —0.0430| +0.7458] +1.2486| +1.1415| +0.6401 


—1.1252] —0.8405| —0.2500| +0.4928| +1.1415] +1.3568| +0.8735] 
0.6932] —0.5489) —0.2200] +0.2178| +0.6401| +0.8735| +0.6951) 


— 
— 

— 
— 
— 
— 
— 
i 4 
— 
— = 
— 
— 
a 

— = 
— 

cients : 
— | 
| 
6.1333] | 8.7000] 10.666 6.1667] 6.3000] 5.8333] 4.6667] 2.7000| 32. 
— 
tare 07 | =0.6932| —1.1252 
— 
— 7 |=0.346 |—0-669 | —0:046 | —1.154 | —1.260 | — ‘923 |—0:844 | —0.656 | —0.359 
0.9 |-0.126 |-0.244 |—0.346 | ~0.426 |—0.474 | —0.485 | —0.449 


, which: M Ms = the simple beam moment i in the » arch rib » due to a unit ‘vertical 
lo ad at q; H,= 


4 


Jibitos 
cok Ro 


load at q, for an arch, with fixed pins Cea TABLE 3.—Summary oF DEFLEC- 


= prevent horizontal movements; ‘TIONS to VertIcaL Loaps 
= the numerical coefficient of the 


Unit 
vertical deflections for an arch acting 


due to H, alone = Hye; and — 


and are obtained by perform- 
ing the necessary integrations. ~The 
coefficients of deflections were com- atk 
puted by the writer and are recorded 
in Fig. 10 and Table 2. 2 The i inspec- 
tion of these coefficients will indi- pote: 
immediately the importance of = | dpe 
the longitudinal force (horizontal | | | | 
thrust) on the deflection of the arch Unie Tes 
_ tib, as has been stated previously in _inter- 
this discussion. S000; action | © Tre — Deruecrions 


Ele" 
in which = the coefficient: of the 
Vertical | deflection = (see Table 20). ‘The ratio +2 


true at t the crown. 


— 
— 
“ 
0) 
— 
' on — 
|. 
— 
— 
ine as simnle heam due to 9 un 
app | | 
Apg | Age | 
13 is assumed to 


the 


each hanger a gross area of 35 sq unknowns are a 
horizontal thrust, H, and five hanger interactions, assumed to be all 
as shown in Fig. ll. The summary of deflections for these conditions is given ee 


+ Table 3. The subscript notations in this table refer—first letter, to the | 


8 point on the structure, and second letter, if shown, to the point at which a force . 
is acting. For example, Sep is a deflection of the arch rib at point B due to 


For a unit load of 1,000 Ib at k: = »0. 5, the deflection equations in terms of 


deflection (the term - dropped all following compute- 


0. 220 + 0. 6951 Re + 0. 6401 Re — 0.220 0. 6932 3716 Rr 
Re +040 tO +930 + 0.19887 =0.. - (32a) 


for points, B, and D, respectively, will be: as follows: 


048 + + 0.6401 Rp + 1.2486 Re — 0. 043 Rp — 1.1514 Re — 0.6932 a2Ry 


+0449 Ry + 1.131 Re + 1.269 Rp + 0.946 Re + 0.346 Rr = 0.. (32) 


— 0.043 Re + 0.4882 Rp - - - 0. 043 Rz — 0. 220 Rr 
= 0. .(32c)_ 
= Rez. of these equations 


wer: (-0. 0.6432) (1,000) = — 643 


Taking these into consideration, the horisontel thrust. H = 1 052 


Ib. The coefficients of true deflections are — 0.015, 0.000, aad, 0.040 for 


points B,C, and D, respectively, 


Due to = the a ‘the tie is THH TE 
3 


EI 


the horizontal thrust ‘that would exist, were the arch rib fixed 


>, For of the 1,000-lb load, the reduction in hori ntal 
thrust, due to elongation of of the tie is as 


= 0. 249 
X 0.000236 = 0.202 
4 X 0.000236 


— 
N TIED ARCH SPAN — 
— 
. Georges tied arch has been studied by means 
= 
— 
— 
— 
— 0.4882 0.220 Re 
>| 
4 
a 
— 
— 
— 
— 


0. 6627 Re + 0. 7551 Re +e 0. 2621 L Rp - 0. 220 
0.7551 Re +2: 2084 Re (1.2471 0.043 = 0.. 


0.5242 Rp + 2.4942 Ro + 2.1169 Rp + 0.4882 = 0 (38) 
tS have been found previously in this discussion. Hanger elongations similarly 
had been incorporated i in | deflection equations, and t the effect of these « deforma- 
$ ‘tions has been found to be even smaller than the effect of the tie girder stretch sk 


<t So far, the girder has been assumed to be perfectly straight, but actually aay? 
follows the vertical curve of The deformations to 


4 


d th differential equation of deflection 


. ia at} gt 


in which vertical ordinate of the tie = 
deflection of the girder, which, being obviously insignificant, has omitted 


equations a are written with the « nat springing. 


<c 


—CozrFFICIENTS OF Verticat Dertecrions, Ci, Doz ro H = 1,000 

tl the tie girder deflections due ‘to a horizontal thrust is 


and Eqs. 33 are e changed to: 


0. + 0.7007 Ro +0. 2287 Ro ~ 0220 = 0 


into account, and with the aid of Fig. 10 
a 
4 
« 
— 
— 
| 
| — 
— 


wr 
mate! 
that have been determined previously. 
Two other factors—interaction moment at the rib shortening 
—similarly could be taken into consideration in the analysis. = (The writer 
4 leaves it to students of arch design to prove that the interaction moment at 


3 oe ; ‘it stands, the arch rib is considered as being pin-connected to the tie oe 
rib shortening, if taken into consideration, will reduce the value of th 
_ /horisontal thrust. This in turn would increase the discrepancy between th 
writer’ s and the author’s H-values. ad: yor od? 


Maal 
a new set of deflection aquations has been made for interactions 


- 

+122% | 490% 


The moments ‘Mr, Me, and Mp, and also the value of Mr 

a a the author’s value of H as given in his final design, are plotted in Fig. 13. — 
as The effect of the tie girder curvature on interactions again has been found t 
be quite negligible, varying from — 2% to 1. 5%. 

This concludes a study of the various factors entering into the analyse 

a St. Georges tied arch s span. _ After this | step the analysis i is shifted to an By 

seri of the author’s ‘values. It has been found that, “assuming the — 

author’s influence lines for H as being correct and using the distribution of © 

bending — Mr=M'—-H(y- y’), tor rib and Grder. as 7% and 93% 


— 
— 
— 
ae 
4 
ded 
irder at k = 0.5, 
| 
7 


respectively, the values of interactions would not be: very different 
from the values shown in Table 4. — Treating these interactions as loads on — 
i the isolated arch rib, and allowing neither elongation in the tie girder nor 
shortening, the value. of the horizontal thrust becomes = 1,047 lb. 
_ Finally, all fourteen interactions for a unit load of 1,000 lb at point 7 were ~ 
he similarly determined by, means of Eq. 18, using the given values of H = 1, 130 
Ib. These interactions, treated as externally applied loads on the isolated — 
arch rib, produce the horizontal thrust H = 1,049 Ib only. Unless the assump- | 
: tion of the elastic properties of the ‘structure was grossly i in error, the writer ig 
Gt does not believe that the value of the horizontal thrust for the load at point z) 
- could be greater than 1,049 lb. This limiting value of H is for the case of 
ie an arch rib receiving no support from the tie bast Using the author’s — 


x 


me 


Mo 


‘point of the arch was found to be negative with 
to the To move the unit load upward, 


external force is the discrepancy between the writer’s and the author’s | values Se 


of the horizontal thrust. - With the value of H = 1,130 ) Ib, the | ends of the 
arch rib at the springing actually move inward with respect to their original 
position, which is contrary to the physical behavior ofthe structure. 
eo. No analysis was made by means of the | coefficients of arch deflections - 


the other positions of the load. It is possible that the actual properties of the 


= 
e — 
— 
Sfound to be quite different — 
— 
— 
— 
he 


~ concluding discussion, the author will give the missing information, as well wes 


the magnitude of his interactions and deflections. brig: af tt 

_ Conclusion. —This discussion may be summarized items, 


a *) ie In the design of the St. Georges tied arch span the author has com- 

4 Br vi “fl pared the deflections of the tie girder, , Table 2(c), with the deflections of the 4 

laterally unsupported arch rib, Table 2(a). From the foregoing discussion 
ae is evident that the arch rib is ; practically fixed laterally, and the design should = aa 
4 Beso be based on the comparison of deflections of Tables 2(a) and 2(6). Therefore, § 
derivation of the author’s formulas beyond Eq. 3 is not justified. 


a et , in (2) The flitched-beam idea is n not applicable for analysis of these structures, 
oe 2 the component parts of which have no similarity to deflections for unit loads, 
‘The deflection of an arch rib, when laterally unsupported, is practically the 2 
es ‘same as the deflection of a simply supported beam of the same cross sec ion, ’ 

aa _ The deflection of the arch rib, when laterally supported, is just a fraction 5 Fe 


the deflections of the laterally unsupported ribs. Furthermore, the deflection 


The great influence of longitudinal forces on the of an arch 
Beak rib must be emphasized. It is clearly evident from a comparison of Fig. i 
The function of the tie should not be ovetiooked. In the St. 
Georges tied arch span the tie girder acts like a simple beam with an initial 
_ curvature. It could not act like an arch rib since tl the middle ordinate of 
eurvature (6.8 ft) is less ‘than the depth of the tie girder. Therefore, 
horizontal deflection is not possible. a * the middle ordinate were such as to 
permit the horizontal deflections, then both the tie girder and the arch =e 
oa act like two simple beams, and the horizontal thrust wo would be i ee 
zero. This is plainly evident from Ea. 30 and Table 
 CaRLos A, BrsaRAno,® Jun. Am. Soc. C. —The derivation of the 
of analysis of a novel type of arch has been derived most and 
soundly by Professor Garrelts, 
ea In arriving at a simplified expression for the distribution of moments be 
een the arch rib and tie girder, the last. three terms of Eq. 12 have been 


wr] 


to the Tespective the exact ‘difference: 


The radius of curvature of the span may be determined the e 
7 rib in the form of a parabola. The vertical deflections may be computed — es 
from the moment influence coefficients, applying the p principle of virtual work. rf 


a 


— 
— 
— 
af 
P 
a 
— ping 
— om- 
- puted values for each factor. condition may be investigated at panel 
___ point 4. where the effect is probably the greatest. since it is close to the quarter _§ 
— 
— 


Using the computed vs values for both the deflection radius of curva 


“last three terms of Eq. 12 will | then ‘assume the following values: — cos a 


but inasmuch one of them is of opposite sign, practically the total 
ill result from either of the other :. The algebraic sum of ‘the canal 


terms gives = 0.00000179. fea 


Bde In order to obtain the precision of the coniputation, the term cos a —— 


taken equal to which i in turn is equivalent to the EI, For maximum 


7 positive onan the error is — 3. 1%, and for maximum negative moment, 


— 3. 4%. Since this i is is probably the largest error involved i in Eq. 13, and id also 
e it is ‘of “negative sign, the simplified procedure of analysis is therefore 
‘ The question may arise as to whether : this will be the amount of error in- 


this of analysis m may be ed. The foregoing 


“a. 


curvature, will vary greatly i in different. arches. Assuming, then, that 


third and fourth terms cancel each other and that the total error lies in the : 
omission of the last, one may observe that its magnitude i is inversely propor- — 
tional to the radius of curvature. — Thus, the precision is governed by the shape 


of the arch, and it can be quite *sepuranoly. determined for any ¢ other arch by a 


comparing its curvature with the St. Georges arch. ‘ 


Under the heading “The Final Design,” Professor Garrelts has noted the bt 
- influence v values for H, in which he has included the effects of rib shortening — 


and tie extension, as indicated i in Eq. 17. — _ Actually these latter considerations — ve 


to omit them from the computations, simplifying the work to some extent. 


The | following i is a comparison of the values ¢ of H with and without the effects - 


Without 
0.2380 
(0. 
6687. 
(0.8452 
0. 9772 9865 
1.0874 


_ Professor | Garrelts has suggested an alternate method of analyzing the arch = 


by using a transformed section for the rib, instead of for ‘the tie, which would | 
resist all the bending moment and compression while the tie would act only as 


2358 


At 


— 

BPS, 

— 

0 

— 

— 
— 

— 
— 

— 

i= 


ON TIED - 


‘tension This would be more in conformance the regular 
. _ procedure i in the design of an ordinary t tied arch, and for this particular reason 
een it probably would be preferable to the original scheme. ‘The transformed mo- 

end of inertia for the rib would be J’ = In + Ie sec a. ‘When the total — Ae 
_ bending was transferred to the tie girder, it was resisted by a transformed _ 


= 


section whose moment of inertia was Ii, = Ig- -In cosa. The ‘geometric — 
relation that exists between the two sections is quite apparent. 
the preliminary a analy sis yielding the redundant reactions would 
similar in each case. Howev yever, in the analy: sis of the loading | conditions to 
produce maximum fiber stresses at any given point, the two methods will ee 
necessarily yield the same results. . The maximum fiber stress is the combined 
effect of the thrust, moment, and shear due to any given loading. Thus, for 
ee. maximum total fiber stress, the moment must be taken about the kern points = 
ae of each section, rather than through the apparent 1 neutral axis. The additional = 
ae moment (+ AM) is a function of the properties o of the seston ta question : and A ; 
2 be applied as a correction to the moment influence coefficients in determine a 5 
o's the loading conditions for maximum stress at any particular point. ms 
ec If the moment of inertia « of the rib differs from that of the tie, the value of 
_AM for the larger section obviously | will be greater than for the smaller section i: 
® effect of this difference may be noticeable at those panel points where a ae 
- reversal of stress has taken place; that is, , where the bending moment has 
_ changed from positive to negative (or 1 vice versa) under a given loading. — fe ee 
5 ‘2 be observed from the moment influence coefficients shown in Fig. 5. ‘For 


notice the effects ir in 1 the determination of the n maximum 


to ‘positive ‘moment at ‘point 1. ‘Ind the latter ¢ case, then, an addi- 


tional panel would be loaded to produce maximum positive fiber stress at 


Bee ticular characteristics of the structure. It may be noticed that the difference 3 


: ines each case will involve either the loading or unloading of one -panel— that i mo 


of 
a 8 mall fraction of the live load, which will not produce : a very large discrepancy. 
_ To reduce the errors to a minimum, it would be advisable to make an ame 


if Erein,’* Assoc. M. Am. Soc C. E—Anslysis of stresses in the: 
.  areh rib tied with a stiffening girder is an extremely complicated problem. 

ap In the technical literature very little can be found on this subject. In com-— 

Bey puting the stresses in the St. Georges arch bridge, Professor Garrelts has adopted _ 4 

various assumptions to simplify the computations. The writer proposes to 
_ clarify, further, the limitations of assumptions adopted in the light of economic — 


aspects of tied arch bridges with stiffening girders. §j. 


Calif. Bridge Engr., Div. of Highways, State Dept. of Public Works, Sacramento, 


‘Wa 


| 
— 
5 10ad 18 aU 0 and at ¢ are, Tespecuively, U.49 and — 2.09, ihe additional 
moment at 7 on considering the kern point of the arch ribis 1.00 and, whenthe 
— 
— 
4 
4 


‘is connected fo the arch rib bya rigid joint, 9 whe 

Z Eq. 3 for the computation of stresses in the arch rib, the author’ assumed: 
that the stiffening girder is connected to the arch rib by a frictionless ree 
‘This assumption has a negligible effect on computation of the horizontal 


‘thrust i in the arch rib, especially for ratios + equal to or greater than —— How- 
- ever, yer, the equations developed with this assumption are not adequate for the 

z % design of the arch rib sections at the ends and their connections te 0 Leoreed S 


the stiffening girder section is for the entire ‘Evidently. iy with 
5 this approximation the refinement of considering that the arch rib section bee 
varies directly as COS @ x (Eqs. 16) has doubtful meaning. as F 


of the lateral stiffening system. Often economy in material 
careful computations ¢ of the stresses i in the arch rib and ‘stiffening girder may 
i easily be lost in the wasteful approximate » design of the lateral stiffening system. pie 


3 Iti is to be hoped that, in his closing commenta, ‘the author will discuss a Piscaiyi = 


M. Assoc. M. Am. C. E.—When coming the 


suspension bridge, particularly taking into the relatively large zi 
4 span of the structure actually designed. High deformability isa common 
‘theres a a flexible member provides the bending resistance for ur distributed 
live load. It is this deformability that- renders the methods of the elastic 
theory of structures ineffective in the design of s suspension bridges | ‘as well as 
arches, particularly those with flexible ribs or of long spans. 
ae? In general, designers are quite | familiar with the fact that considerable le a 
= differences are. to be expected between the bending moments in the : stiffening cree 
truss of ° ba compre bridge, computed by the elastic theory, and the actual 


a few quite general remarks bind 


2 “Deflection "Theory for Arches,” by A. M. Freudenthal, Publications of the 
ridge and Structural Engineering, Zirich, Vol. 3, 1935, P- 


| 
— 
sections of stiffening girder are usually vari Therefore, 
| ‘| bending moment stresses rie according to variations of the 
er axis, In developing Eq. 17 forthe 
— 
— 
ae: - . The author is to be commended for maki oth — 
aking a valuable contribution to this 
>. 
iii 
whether the validity of these formulas is n 
x 
— 


incidentally, is practically unaffected by considerations of deflections. 


=. comments deprecate the method of design the author which, 
Int non- flexible systems (suspension and i: ‘bending ¢ 


fou M = M’, — Hpy (Hw + 


.. ae a: in which p and w w denote statical values due to live load and dead load, ne 
- tively, and 7 denotes the deflection of the cross section of the girder considered. oe se 


i nee the moments in the stiffening girder computed by the elastic theory. ce 
are either reduced (suspension bridges) or increased (arches) by the amount | a 
(He + H,)n. Owing to the considerable value of the dead- load thrust H. for a 
structures, the deviation from the « elastic theory may attain 

paratively high proportion of the total bending 


can be easily shown that in self-tied structures the bending moment in 
+ M'y (Hw + Hy) (y + 0) (Hw + Hy) = M’y Hoy 
not affected by deflection if the (the or the ‘eable) 


has no bending resistance. However, if the bending resistance ‘cannot be 


4 pt neglected (as in most arches), the effect of ‘the deflections t upon the value of the ; 
bending moments makes itself felt in the rib ‘moments. The real values of 


| 


moments, therefore, may exceed, considerably, those obtained by simple 
distribution of the t total bending moments between rib and girder according to 
2 aie the respective moments of inertia, as proposed by Professor Garrelts. It is 4 

particularly the buckling resistance of the that impaired by a 


the ‘St. Georues tied arch span was made by the 3-ft arch rib as 


ee bares entirely flexible, leaving the 9-ft tie girder to resist the live-load bending 4 ; 


moments wi without assistance from the rib. ‘Under this assumption t the action 
of the structure is exactly ‘analogous to that of the self-anchored suspension 
™ Associate Engr., Robinson & Steinman, Cons. Engrs., New York, N.Y, 


i 
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is 
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ae 
| 
— 
5 
— 
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= 
. 
— 
— 
— 
ll 
— 


dge, inverted. The flexible rib, direct compression 


ed corresponds to | the cable of the self-anchored suspension bridge, whereas the — 
tie girder, acting both in direct tension and in bending, corresponds to the i: 
4 a stiffening girder of the self-anchored suspension bridge, which must also trans- 


The action of the two structures | being an analogous, the equations and method 
; of analysis of the self-anchored suspension bridge can be applied with only es 
slight modification to the analysis of the tied arch with a flexible rib. 
point of difference in ‘the action of the two structures is to be found in the Rees: 
effect of vertical curve of roadway and tie girder or stiffening girder. _ ‘The | 
4 ee. vertical curve of the stiffening girder will decrease stresses in the self-anchored — 


= oumpeniten bridge, but the stresses in the tied arch are increased by the vertica 


Be ‘e important effect on the stresses determined by the elastic Aen using the 
‘a dead- load dimensions, i in the case of either the self-anchored suspension bridge > 


externally. anchored suspension bridge and the arch bridge. 
A more complex but similar structure consisting of a 3-span saan 
girder with the center sp span | reinforced bya a flexible arch rib tied to the girder is 


ee except that in the case of the tied arch bridge the side-span girders will net a 
act in direct stress. — Again, however, the analysis o of the two structures could is 
be made by application of the same methods and equations. ty 
_ Professor r Garrelts gives: no derivation for Eq. 17 for the final analysis ee 
‘4 the St. Georges tied arch span. . Although this 1 may have been assumed to be 
s obvious, the value of this excellent paper may perhaps be increased by clarify- 


ing somewhat the theoretical basis for the final analysis. Hanger elongation 


ture, ory there o: can ate: no 10 appreciable moment i in the rib at its vend 


"connections ‘with the _ The span can be made by cutting 


rizontal 


_inextensible hangers and which. ment participate i in to their effective 


moments of inertia in carrying the live load. o 
_ With only the value of the horizontal component of direct stress to be oes 
_ determined, the structure is singly indeterminate, as for the preliminary — Sat 
design. : ma moment in the structure for a unit value of this redundant is Se 


in to their effective of inertia. bs The direct stress in ‘the 
for a unit value of Hi isu = eve a, assuming the hanger loads to | be equal 


= 


— 
— | 
| — 
— 
— 
6 
— 
— 
| 
— 
— 
of deflection. Consequently, the angle between the rib and girder at the end i 
nent of direct stress in the rib and girder. The structure t 
= 
a 
ap 


way 


there would remain only the value of H, the horizontal component 
Mahia stress, to be determined by Eq. 17. The actual values of M’ in this f 


equation, however, could be taken for the simple span condition, and therefore 3g { 


4, 


aor 


_ only for the center span. d Similarly, the first term in the denominator coul 


be written ——,—— in which m represents the moment due to a unit value 


of in the basic continuous structure, and mp represents the moment due 
. s = 1 in the center span as a simple structure. This follows from the fact ; 
- that i in computing the deflection of an indeterminate structure by the method c.. a 
e of the dummy unit load, the value of either M’, the moment for the me a 
= determinate condition, or m, the moment produced by the unit load, may be 
ae taken for a statically determinate condition. In applying Eq. 18 to obtain the = 
; a: final moments, M’ , of course, W ould be taken for the basic continuous system 
Harow E. Lanatey, 4 Esq.—The tied arch adopted for the St. 
Georges bridge is certainly an unusual type in the United States. There seems 
no doubt that, prior to World War II, there has been a definite trend in n design >. 
a toward the selection of structures which meet esthetic as well as utilitarian ee 
e co requirements. A pleasing design is usually the product of the successful solu- 2 
ie tion of perplexing engineering problems. Professor Garrelts’ paper, theref at: 
is an important contribution to the engineering profession. 
Formulas based on the elastic theory seem 
ce — for the design of this bridge, as the results agree with those secured by a model a 
- analysis. Inasmuch as both the girder and arch rib are relatively slender - 
members, considerable deformation under load is likely to occur. Because of - 
mo this tendency, the writer feels that formulas based on the deflection theory would = 
he Ree prove more satisfactory, especially if the means of checking the results by oe 
Ss ae 5+ model analysis i is not available. In the case of suspension bridges, a design 
x _ based on the elastic theory requires more material than one based on the deflec- 


‘ 


‘4 


is somewhat more laborious to apply. Because of the enue! 
ot | proportions of the bridge under discussion, the writer feels that, if he — 
Be ee - called upon to design a similar structure, he would apply the deflection theory. 
Although no reference was s made to secondary stresses in Professor Garrelts’ 
they were undoubtedly considered in the design. Relatively small 
_ bending moments in the arch ribs, in combination with the axial loads, ‘may 
produce buckling stresses which approach serious proportions. The writer 
ae found 1 this to be true in the design of a two-hinged arch, as well as a tied steal z é ‘ 
wg F arch, each of which had a 425-ft s span. As the tied arch had ribs and ties of 


more conventional proportions than those of the St. Georges bridge, oe 


— 


H then follows from ot 
—_stTesses in the conventional entioned tied-arch continuous girder can 
Final analysis of the previously mentioned tie 
( 
4 
= 
> 
— 
— 
£3 
| ‘ 
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the ribs. from ties, due, at to live load. 
. 3 _ These comments are not intended in any way asa criticism of a very + excel- yee. K 
Tent paper, but should be regarded as a brief résumé of some design features — 
ae are likely to be » slighted but which are of sufficient importance to merit a . 
thorough investigation. Professor Garrelts is to be commended for bringing 


the attention of the profession to an unusual but pleasing type of — and an 
499; ond 


“the tied ‘arch form for this with possible types, is 
- discussed by Professor Abbett. . Professor Abbett made several economic a 
studies of this kind in connection with this project and thus writes from — 
vid experience. His discussion also emphasizes the attention given to the problem — 
of appearance inthe St.Georgesdesign, 


Mr. Karol has shown the close approximation of the value of H used i in th eg 


preliminary design to the value resulting from the final computations. | ‘The 


= difference is almost entirely accounted for by the effect of rib shortening od 
Bra the extension of the tie girder. The values of H, obtained by a formuls similar 


i _ to Eq. 17 but with the last two terms of the denominator eliminated, or res oe 


0.240 


0.467 


+ 


f 


— 
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The procedure, suggested by Mr. Karol, for proportioning the total moment , 


between | the arch rib and girder will be an aid i in calculating the approximate { 


* stresses and in determining approximate s sections that can be used as the basis ~ a 
Mr. Dodge first questions the procedure of neglecting the > bending resistance 
of the arch rib in the preliminary design, although he offers no suggestion as {h 
a to how the first or preliminary stresses can be computed. In designing any ‘ 


_ statically indeterminate structure, the designer either can make a guess as to 
es Prof., Civ. Eng., Columbia Univ., and Designing Engr 


buckling effect in the latter design might be of major importance. This appears 
to be very probable, as Fig. 6 indicates that the girder tiesandthearchribsare 
2: 
4 
an 
— 
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ag Sos the sections, can obtain them by, comparison with a similar s structure, or can 

as ay te apply an approximate stress analysis from which trial sections can be obtained. 7 

Then, a more accurate analysis is made and the sections are revised as necessary. 


This latter procedure was used in the design of the St Georges: bridge. The 
bending resistance of the arch rib later was included in the analysis, asexplained 
in connection with 


4 The objection of Mr. r. Dodge’ to the use of 10a a may be likened to the 


Using the reference cited by Mr. Dodee, are found, which, result 

7 ‘5 + Dodge states that small initial curvature makes a great change i in 

“the effect of of longitudinal forces on the deflection of tl the arch rib.” The fact is 

“that the change i in curvature is ‘essentially a function of the bending moment. 


On the assumption of a parabolic rib and only five hangers, Mr. Dodge 


ae ame attempts to compute the forces in the structure. In the St. Georges bridge © ; 
there are fourteen hangers and the rib is polygonal, being. straight 4 
connections, as shown in Fig. 6. He contends that the writer’s values 
_ for H are too high. The following values were determined from the model 4 


made at Princeton University a at Princeton, N. ., under the direction 
of Prof. E. K. Timby, Assoc. M. Am. Soc.C.E— 


hese values, which are in agreement with the theoretical values used, are a 
probably more nearly correct than those computed by Mr. Dodge, using the 


assumptions he has made; and the increase in the moment Mz in Fi ig. 13 does 
y 299 not actually exist, if the writer’s values of H are accepted ascorrect. . 
summarize: ‘Mr. Dodge's conclusions (1) and (2) are the result o of 


= Furthermore, his conclusions (3) and (4) appear to be based on a mistaken : 


ae conception of the writer’ 8 development. 4 ‘His statement that “The great in- 4 


fluence of longitudinal forces on the deflections of an arch rib must be empha- 


of Mate Materials," 8. D D. Van Nostrand, 1930, Pt. II, pp. 468-469. 
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moment must be 
taken tate! account. If the deformations due to direct are neglected, 
the deflection of an arch rib is almost + entirely due to bending moment, and 

4 the analysis used by the writer certainly gives full attention to the moment. 

- Study of the writer’s development will show that there is no assumption that 
involves a horizontal displacement of the ends of the arch rib with respect o 

Mr. Bejarano has kindly evaluated ¢ certain of Ea. 12 which 
“neglected in later formulas. From his result, the procedure seems to ‘be 

justified. _ Although the effects of shortening and ‘tie ie extension | are ‘small, 

5 they should probably be considered because a small change in H affects the 
moment by an amount equal to the change i in H times y-y’. 


ri 
‘a The e procedure of calculating the structure by transforming ‘the: tie to pro- 


with the structural behavior. 
According to Mr. Eremin, the the waite are not 

: adequate for the design of the end connections of the arch rib to the girder. — 
em - the first place, the hanger U; Li has practically no change in length so that 3 


ositive or both will be small, any ‘resulting: moment presi 
The writer does" not agree with Mr. _ Eremin’ 8 ‘statement Tegarding the 
Wa assumption of constant stiffening girder section in Eq. 17. Actually the sum- a 
mation in the equation indicates that the girder is considered made up of 
segments over each of which the section is constant. fifteen secti 
one panel in length, were used in the analysis. 
; _ The design of the lateral system was made i in a manner r similar to that used ‘3 
for the lateral system of a curved-chord through-truss bridge. In the arch-rib_ 
- lateral system, the arch rib forms the chords, and the laterals and struts, the és 
system, with a portal extending Us to Lo. The top laterals and struts 


.—. determined i in most cases on the basis of minimum - rather than by stress. 


4 th he writer is grateful to Mr. Freudenthal for nes 


; Mr. Gronquist hes discuss od the use of the tied arch with a eubilnigtien girde 


| 
hes — 
i= 
| 
— 
almost the same but that i 
— 
au Ul anu — 
— 
— 
Be — 
— 
— 
] — 
fection onelitied structure. 
the effects of deflection Georges tied arch span, it was often sp 
«the effects of deflect f the St. Georg ist has pointed 
«During the ¢ nsion bridge. Mr. Gron voself- #$ 
. He has also called atten — 
this analogy. He has 
a structure.  @ 


ss 4 ats The writer considered the development of Eq. 17 to be the same as that for 
ae ‘g Eq. 4, and therefore did not repeat it. The only difference in the two cases is cf 
Rat that, in Eq. 17, the tie girder is qnanidened as & transformed section which _ 
includes the bending resistance of the arch rib. Actually, in the assumed 
one. singly indeterminate structure, , the statically determinate substitute structure 
can be selected in several different ways, jg 
7 Mr. Langley’ 8 statement regarding formulas based on the deflection theory — ie ; 
a seems to have been answered by Mr. Freudenthal and Mr. Gronquist. we 


.. In this self-tied structure, the deflection theory agrees with the Te given 


The buckling resistance of the arch rib was considered and was to 
ample; and, although the hangers are connected to the arch rib by rigid con; 


‘Ine ‘the writer ‘Wikies his ‘thanks’ to those who have 
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_Kissam, George D. ‘Warrmore, C. C. Miner anv W. ‘Byrp, G. 
Brooxs Earnest, A. BAUER, | 
is 
in the past w were 16 determined the algebraic s sum of a number « of purely ‘local 
y 
and personal conditions. Each individual locality had its own standards and Re. 


each surveyor within the locality was an authority unto himself. 


"United States now combines with an awakened professional consciousness a 
among: the surveyors to demand a ‘standardization of procedure, accuracy, 
be - and practice. Much is being accomplished on the standards of practice, but Ke ; 


a on the question of accuracy (compatible with the peculiarities of the profession) _ 
suc Existing investigations into survey accuracy fall ‘generally into mes) studies 
Ew surveys of high precision for specialized purposes, and (2) studies of purely oe a 
instrumental accuracies under carefully controlled conditions. Although both | 
at interesting, neither indicates accuracies: the surveyor can depend on under > 


the conditions and with the equipment that the economics of the ee: 


= _ This investigation was made in that direction. 5, _ The study i is made of actual — 


* work that was performed ov er a period of fifteen y years, for clients, i in the regular aS , 


Private practice of surveying. The methods and equipment that have been sie <2 
_ used by the writer for that period are indicated merely y for record: and are not me 


ot, Accuracies as obtained in active practice (angular, linear, and traverse) are ee ia 2 


Pas) 


tabulated. factors contributing to accuracy are investigated and certain 
“t "conclusions that seem to be indicated by the facts, relative to methods end $24 
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255 4% Ai Oud TAIQO. 
_ equipment, are advanced. ay It is the hope of the writer that similar studies w ips 
ee be made in other localities with other methods and equipment 80 that a true ag 


et the study was to determine the accuracies that were ob. 

a Fe tained i in surve practice by the office of the writer, a Surveyor in the metro- a 

y 


x 


Politan area of Cleveland, Ohio, with the. ordinary e equipment of the profession 


under conditions imposed by business necessity, traffic and weather, and eco; ca 


ee nomic considerations. _ The equipment used was: 1-min | transits of standard 


American: manufacture; 100-ft steel tapes (graduated throughout ‘into feet, of 


4 3 tenths, and hundredths), } in. wide and 0.015 in. thick; plumb bobs; hand levels; a io We 
= ae? thermometers graduated to 2° F; sighting rods (6-ft and 8-ft lengths of }-in. © is) 
round solid steel); and d spring balances graduated in half-pound intervals from 


te 

Angular observations were made in the usual ‘manner. The 

a was set carefully over the point by plumb bob, and stations being observed te 
Ree, were marked by sighting rods, which were generally plumbed by balancing in — 
ark oy the hands of the rodman and checked by instrument. If the day was : windy, — 
Be or if only a small part of the rod was visible to the instrumentman, the rodman — 
a plumbed his rod by plumb bob. When a rod was “planted’”’ ” instead _ of being * 

h 


eld during the observation, the ‘‘planting’”’ was done by instrument. tise 
oH The angle was generally observed in a clockwise direction, sighting from the ie “Ye, % le 
of one rod to the center of the other. All angles were turned six times le 
see for a set. The first and sixth turns were read and recorded to the nearest 30” ‘= a 

‘ta a a by estimation. The final reading was divided by six for the value of the set x 
- os and angle. Only one vernier was read for economy of fime. If the mean of x re 
a six tur turns was more than 30” removed from the first reading, the angle was re- ee, “i 


es observed. In most cases, all six x turns | were e made with the telescope in one 


i ‘position. Where a re-observation was made, the telescope was inverted. — 
(Subsequently this procedure was changed to three turns with telescope direct 
agi In taping, the tape was generally held suspended throughout. The dif- — 
: Ae ference in level between tape ends was observed by hand level and added to 


hand le 
the ‘amount necessary to clear obstructions. Points were transferred to the 


4 


lengths were marked by arrows drawn with lumber crayon when the 

| = taping was over pavement or sidewalk. In other cases the ground was —— 
with the foot and a small headed nail was used to mark the point. 

7 = Only in recent years has a spring balance been used. About 80% of the 
a he measurements under study herein were made without the use of a spring bale 
In those cases the tension was with a a tendency toward over- 
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SURVEYING ACCU 


he tape | as lined in eye the rear tapeman, the line 


Since the purpose of this study was to accuracies actually ob- 
fi tained i in practice, no lines, angles, or traverses were run particularly for this 


a ay The work included | in this study i is almost exclusively confined to metr 

3 politan Cleveland. About 60% of the work is within the areas of city develop- 

‘ment and about 40% in the outlying country. About 75% of the city work is 
in flat territory with grades that rarely exceed 4%, and the remaining 26% i isin 


territories where the grades vary between 8% and 12%. 


4 
rolling country with between 5% and 10%; the remaining 10% in 


- country ranging from moderately rough terrain to extremely rough where 5 ie 
ie ‘a tances had to be measured by slope measurements and vertical angle. = = 


Ei a The lengths of traverse sides and of other measured lines vary f from 50 ft 


e to 4,000 ft with a mean length of 700 ft for all lines. Traverses vary i in total 


¥ length from 500 ft to 18,000 ft and from 4 to 37 — hep traverse. a The average: 


_ The work studied herein was performed Sea all moths of the year. 


: ranging from 15° F to 95° 
Msruoss ‘Usep IN Srupy 


To compare angular and linear accuracies and the effect of these Eppes : 


n traverse closures, a common unit for their measurement was determined; S 
pe is, the error was expressed as one part in z thousands. This quantity — 
obtained in linear observations by dividing the calculated error 

a single measurement into the length of the line. _ In traverse closures it 

P was obtained by dividing the error of closure into the length of the traverse ov 
sat In angular observations the probable error of each single set of. six turns 
was calculated in terms of seconds of angle. _ The tangents of the angular 

a sig converted to one part per z thousands were then determined. and used as — 


ie expression indicating t the linear effect of the angular error. 


epresent the accuracies in terms of one part in z thousands; the Aaniaoatel 
coordinates represent the “percentages: of the various accuracies. a re- 
-ciprocal method, the accuracies in terms of one part in z thousands can also 


ahead being marke 
q tape end mark, a check measurement was made before proceeding, 
_ 
— 
| 
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be expressed as y parts per hundred. % 
hereinafter used for purposes of establishing mean values. 


ero The probable error of a single observation i is expressed by t the formula a is 


from 
_ the mean, and N is the number of observations. — W hen N = 2, Eq. 1 becomes, 


= 0.9539 9......... (2) 


the ‘error of the mean of two or more is 
which, when N= 2, becomes gai tue edt a 


To determine the accuracy of a single reading of a 1-min transit, 176 
ee of angles were tabulated. In each case the first reading and the mean of six & 
ee <A turns were recorded, together with the difference between the first oe, and 
“ait 


Sixty-six angles re-observed from the same instrument then & 


tabulated. The probable error of each sin gle set (the mean of six tu rs) of 
a, each pair of sets was calculated and tabulated and the percentages of the vari- 

: ous accuracies determined. The results are plotted as curve 1 in Fig. 1. — The 


Ri It is to be noted that all of the angles represented in this classification Se. 
- re-observed from the same instrument setup, with no appreciable time lapse 2 


3 


; =a mean probable error of the 66 single angles studied in this classification is 3.8”. _ pe 
3 


In Fig. 1, the mean is plotted a as a short line 
curve 1 at 3.8’. In order that later in this study the angular and linear = 


of 
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‘in Fig. 2, plotting the (expressed in terms of one 
sands) of all angular values of curve 1, thereby giving an angular-error curve 


is i a time lapse ranging from a few days to ten years, 70 angles were oe ; 


in the common unit of one part in z thousands. fer ware’ 


Av 


(2) Different Instrument Setup 


4 
saw 


out 
= 
ayt Probeble le Error (Percentages) 


percentages of the various accuracies determined. The re results are » plotted a 
F curve 2i in Fig. 1. The mean probable error of the 70 single angles studied i in 


Again, in order to compare and accuracies, curve 2, Fig. 


_ @fror curve in the common unit of one part in z thousands. © 


i, 
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tabulated, "The probable error of each single measurement of the pairs 
of measurements rad Gibealahed and converted into the unit of one part perz 4 
ul to toms thousands. The mean of the probable 

mean probable error of these 120 line 3: 

b was found to be 0.00319 ot 

parts per hundred, or one part in 

300. These values were plotted as 
curve 5, Fig. The mean value 

was plotted as a short horizontal line 

intersecting curve 5 at 31,300. 
Next, 274 lines, remeasured during 

the 15-yr period, but with time 


betw een the two measurements vary- 
ing from a few days to twelve years, 
tabulated. As before, the prob- 
i able e error of each single measurement — 
calculated and translated into the 
unit used herein; the accuracies were 
"segregated into percentages, and the 
A 
mean of the | probable errors was de- 
_ termined. The mean probable error oe 
rd of these 274 measurements was found 
to be 0.00439 part per hundred, 
(4) Different instrument Set i 


Again the mean value i is indicated as 
Probable Error (Percentages) 


| 
of closure expressed in terms of one part i in z thousands. : 
of a precise control in this territory, all traverses herein are closed upon them- iY 
re Selves as a complete loop.) The percentage of the various accuracies was de- _ 
£ Boe as in previous investigations of angular and linear accuracies, , and the 
mean of the traverse errors was determined . The mean traverse closure error 


_ To analyze more clearly the facts determined by this investigation, , curves E: 
4 and 6 are plotted in Fig. 4, with curve are the accuracy of 
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Of the traverses under consideration was found to be U.UU44Z part per 01 
= or one part in 22,600. These values were plotted as curve 8, Fig. 4, the value 
= 
— 


angles observed at different times, lines | measured at different times, end trav- ; 
erse closures. The n mean value of each curve is also indicated in the 


Different Time, | 
All Lengths Included 


>. 


der accuracies, according to the Society’ s M anual of Engineering Practice 
(No. 10 (“Technical Procedure for City Surveys”). Examination of the curves" 


in Fig. 4 and the data from which they were > plotted discloses the following facts: 
Se Lees in the 15-yr period close with a third-order accur 


- (a) All traverses lose 


83% of the ‘traverses close with a a second-order accuracy de better; 


als (d) The mean of angular accuracy exceeds the mean of linear aéeuraby rte 


The curve of traverse cl closure accuracy is practically with the 
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(f) The probable error in a single a 1-min is £25", 


; | Then mean difference between a single reading of a 1-min transit ina group of 
5 six readings, and the mean of that group is +21”; 


Buy (vy) 


(g) 


; 


| 


2nd Orde 


a 
4.—TRAVERSE, 


AND ANGLE EXPRESSED AS 

a g) The mean probable error of an | angle re-observed after an an appreciable — 
r time interval with a 1-min transit turned six times is 7”, or & mean difference 
of 15” between the two observations; 
(A) The mean accuracy of angles Te-observed at the sa same time from the 
* a same instrument setup is 84% greater than the mean accuracy of angles Te 4 


(i) mean of Hines at the same. tine is 87% 
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greater than: the mean securacy of lines remeas red after’ an appreciable time 


a i with those of angles observed at different times—a difference of 84%, as 
factors that differ i in the two categories which avcount for the 


Variations in in the line of co 


(3) Errors in centering th the évansit over the point; 
(4) Errors in the marking of observed stations; and to 


Refraction of light due to atmospheric conditions. 


It is to be noted that, except for the movement of points, all futon tod a 
: indicate the lower a: accuracy (the one obtained by: re-observations of different 

Item (1), the adjustment of the instrument, would seem to be of little 

Oe significance in the variation of the accuracies, , since | in inverting the telescope ; 

- for the re-c re-O observation of angles from the same . setup, the collimation error is _ 


a corrected in much the same degree that t it is by varying adjustments: over 


In Cleveland, monuments are of marked stone or iron set 


monuments or iron bars set at or near but not enclosed in in areas 
other than ‘pavements. This’ system. rates high for ‘permanence. 


4 less, e experience indicates measurable movement in even the best of protected — 


movement of the « 


the difference of accuracies ‘the tabulation of accuracies of 


angles observed at different times was broken down according to the time in- __ 


terval Ww r 


error for period. 


. — 
basis of which it is possible 
ta provide information on the ing conditions 
The foregoing data p f inaccuracies under actual working c 
‘to study some of the causes o limits of accuracy and the extent to whic 
can be increased local conditions. For example, the varia 
the profession, traffic, observed from the same setup can be 
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seems clear, the. any in the foregoing and from 

Pa _ the the lack of consistent change with increasing time lapse, that either the move- 
peg ment over a . long period becomes a ‘compensating factor, or the . error is ‘smaller a 
than the other contributing errors and, therefore, is lost among them. With 
e Items (1) and (2) eliminated as determining factors in the variation of accura- tz 2 

= cies under discussion, , only Items (8), (4), and (5) are left as determining factors. 
.) ane _ The minimum difference between the two mean errors is 3.2”. Then three — 
x in factors—Item (3) error of centering, Item (4) error of rod position, and Item ¢f 
(5) refraction—contribute to an increased mean error of 3.2’. It seems | clear, 
- then, that under the conditions of work stated herein there isa basic minimum 
error of angular observation of 3.2". 
~ ola It is to be noted that none of the three imate factors to this basic are 


- minimum error r are altered by (a) the calibration of the transit Plate, or (b) the ~ S 


must be performed during all but the most of weather conditions (as- 
- suming the use of sighting rods for pointings and plumb bob centerings of ie 

_ struments), it would seem that the only advantage toa transit calibrated more ef 

__ elosely than 1 min would lie in the fact that the limit of accuracy can be reached 


d This leads to the question: How many repetitions are necessary to reach the eS 


am 4 

ad, 


ultimate accuracy fixed by external conditions, with a 1-min transit, that ul- sy Bigee 
timate being, according to these tabulations, 3.2”? = 
Previously herein it has been shown that the mean error of a single 


observation observed twice from the same setup (in each case an ‘observation — G 
_ being the mean of six turns) is 3.8’. The mean probable error of the mean of 

the two observations from the same ac is then 2.7”, since the error of » fl 


six turns as against angles observed by twelve turns, and all from the 
Cratos _ ‘It has also been shown that there is a 3.2” minimum fixed error for the 4: 


= pokes and type of work studied herein, which error establishes the ultimate ae 


Since, as ‘noted, the calculated probable e of is 3. 8”, and that 


ae of twelve turns is 2.7”, it should then require approximately nine turns to a 
na equal the limit of accuracy obtainable from one setup, with a 1-min transit, Bes 

“eS In the work described herein, the average length of line and traverse side 

we S Be: 700 ft . The effect of the centering and rod position errors can be reduced 
3 by longer sights, but that is apart from the type or accuracy of transit = 
ae An optical device such as is provided on some Swiss inatrumentn, however, re 7 
should materially reduce the centering Of of 
ana ‘manner similar to that used in the investigation of the variation of a 
the foregoing angular accuracies, the variation of linear accuracies is now 
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me. 
studied. hoagie noted, the calculated accuracies of lines retaped at the same time 


are 37% greater than the accuracies of lines remeasured after an appreciable 
The factors that “might contribute to this ‘variation are: Differences in 
tape: lengths, movement of points, errors in tension on tape, and errors in ‘i 
determining temperature of tape. Again, except for possible movement 
points, all factors tend to make the lower accuracy (lines remeasured with : 
time lapse) the more probably correct one. == 
On the accuracy of the tapes used, the writer has few authentic dat 
_ There should be a marked uniformity in tape lengths due to the type of tape 
used, but the manufacturer’s statement of uniformity and accuracy has been 
the: principal assurance. One dependable test was made, which showed ‘an 


error of 0.0005 at 68° F, and 20-lb pull when suspended from the 


» After: these tapes have been in for they 


; develop an exaggerated stretch for the standard pull when fully suspended, yh 
although they will co ntinue to check for length when supported throughout = 
at 101b. This is unquestionably due to the fact that the thickness of the tape _ 
has diminished through wear. When this error becomes noticeable, the tape ss, 
no longer used for anything but minor measuring. Sattar 
1 0 determine the extent to which the movement of points contributes to ! 


Mean error ab: period. .... 00439 Ws ii 


Again no pattern or variation is discernible in ‘relation to e. It would Ms 
; seem, then, that the time element beyond an immediate | remeasurement has pi 
¥ & no deciding effect upon the accuracy of remeasurements, and, therefore, the - 


movement of monuments is either a smaller error than the errors: 


ier Unquestionably t the largest : source of taping error, anid | probably the ett 
contributor to the variations of accuracy under discussion, is the | difficulty a» 
determining tape temperature on sunny days. . During the summer months 

tape be 
that has been in the aie hot day will become t too hot to hold. ~ In winter 


— 
+ 
— 
— 
— 
— 
Variations under consideration, & breakdown OF the Measurement 
— 
— 
— 
— 
— 
| 
| — 
— 
| — 
of — 
wt... 
— 


Sa, 


aaa No thermometer that the writer has ust used, wh which will stand daily use, “* 

depended upon for more than either air or ‘pavement t emperature. 
- a general, when there is a wide discrepancy between the two, an attempt is — 

& ‘made to estimate the temperature at tape level and tape temperature. Where | ces 
= a measured line passes through an area that varies widely as to sun and shade, Sie ey 
some attempt is made to estimate the mean temperature for the line. 
ar... _ As previously indicated, the mean probable error of a single measurement re us 

of a pair of measurements made at the same time is 0.00319 part per hundred, ; 
a 4 and the mean probable error of a single measurement of a pair of measurements ae if 
hy made at different times is 0.00439 part per hundred. Furthermore, it follows B8 2 
a that the mean probable error r of the mean of two measurements made after a 


a 


a clear that a remeasurement at the same time will in serve fact not increase 
accuracy (omitting from consideration at this time an actual mistake of reading, 

marking, etc. .), since the probable error of a single. ‘measurement is already 

within 3% of the accuracy of the mean of two made at 

Curve 6, 3(6), represents the accuracies of lines of ll lengths that 
were repeated after an appreciable time lapse. Curve 7, Fig. 3(6), was derived gies 
from the same tabulation but was limited to lines of 1,000 ft and longer. — ane 


a In each case, the mean value of the probable errors included in the curves is 


iad 


~ 


ts indicated by a short horizontal line intersecting the curve at the level of the 
ar mean error. As determined previously, the mean probable error of curve WS 
is one part in 22,800. The mean probable error of curve 7 is one part in et: 
= 35,500. It is apparent from Fig. 3(b) that accuracies are approximately 50% ; 
i. _ greater for lines of 1,000 ft and longer than for lines of alllengths. 

J Examination of Fig. 4 indicates a marked similarity i in linear and traverse 


he accuracies in the normal ranges of precision. — As noted, angular accuracies 
are about 30% higher. The similarity between the traverse accuracies and 
the lesser of the two contributing accuracies is in accordance with the proba- _ 
‘bilities. Although it is impossible to predict how linear and angular accuracies 
a will combine within a single traverse (there are sixty-four p possible combinations — 8 4 
of the errors in a triangular traverse), nevertheless, in a large number of | 
th It can be det 
raverses the mean result can be determined. galt 
a To illustrate, the | linear | error of a traverse side and the angular error 
affecting that side can either be in such a direction that they are added, or 


ie | opposite directions and therefore subtracted. _ In a large n number of traverses, 


> 


s the traverse errors are made up of large numbers of linear and angular errors, 


_ some of which compensate each other as the difference between the two, and — 
oS A some of which combine to the total of the two. _ The probability of one ae 
ae, equal to the probability of the other; therefore, the mean of the two extremes 

will represent the resulting traverse error for a large number of cases. nel he “. 
_ If the angular error is represented as Eq, the linear error as the 
E. Cae _ traverse error as s E,, then the traverse error (Ey) of a single traverse ¥ will lie 
-assun 


a. 
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A CURACTE 


‘two — since the probabilities of each are equal: jane ss 
& 00,5 


+ re E, — E.) 
+ Be) + + EF.) _ 
—if Bri is the larger of the two contributing errors. 
i: On this basis then, with the same angular accuracy as shown by curve 4, _ Ke ‘« 
- ig. 4, and traverse sides of 1,000 ft or more as shown by curve 8, the traverse ee 


accuracy should increase, making the ang gular accuracy | the determining factor 


of traverse accuracy. os aicath roe 


Asa check against this hypothesis, the traverses included i in tabulation 
for curve 8 were segregated as to the mean 1 length of traverse sides. went ; 
of the traverses in the tabulation had a mean length of side of 1 ,000 ft or more. 
‘The mean error of these traverses was found to be 0.00350 part per hundred © 

_or one part: in 28, 600. . The mean value of curve 4i is one part in 29, 400 . The ae 


‘writer’s hypothesis—that t raverse accuracy is determined by, and equal to, 
the least accurate of the two contributing | factors—is substantiated in this ie 


It would seem, then, that with the same equipment sey) methods now in 


closure of one part in about 30, 000 can be without undue 
“ation of climatic conditions, provided that sides 


It is of further interest to note that, for various accuracies, the percentage — 


length ad “Nothing, conclusive was found, and the variatic 
back and forth about the curve for 


_ The ‘dominating factor is length of side Tather than of 


side length to a of the of variation | of traverse over- 


@ The mean probable error of of ‘the same line with 


‘ ordinary equipment is 0. 00439 part per hundred, or expressed differently, the 


Tse error arge number of traverses will be the mean of 
— 
— 
a 
— 
— 
— 
ie 
scl 
i 
have been obtained i Fy K of fact as to accuracies t 
in actual survey practice. A number of these were itemised 
the heading “Findin, mber of these were itemized = 
MA ndin 
g ‘Findings of Fact from Tabulations” (see Items (a) to 
Pate 


dite 


| | the same 920 part 4 
_ (k) The accuracy of measurement of lines of 1,000 ft and more is greate 
4 than that of lines shorter than 1, 000 ft; 
gpl Accuracies of traverses with sides’ having @ mean length of 1,000 ft or 
more are greater than those with sides having mean lengths under 1,000 f 


All the foregoing items support the following conclusions: 
‘There i is a definite limit to the accuracy that can be obtained from a 
single setup of a transit. — This limit is independent of the fineness of the ait 
a  transit’s plate calibration, and of the number of repetitions in the observation; | 


e it ‘should be reached , by a good I-min transit under average working : 


i | ae (2) Retaping of a line, forwartl and back, under average conditions, adds a 


“e) In the long run, accuracies of traverses are determined by, and 


- to, the lesser accuracy of the two contributing factors of taping and mo ps 


The foregoing findings (Items (a) to and reasoned conclusions to 


wines 


Present specifications for survey accuracy stress the error of closure 


ie primarily. In areas that lack a) precise control, : are such specifications adequate 


toassureadesired accuracy? = = 


__B. Is the trend toward transits of ever-smaller plate graduations 


witeiay si! hn 
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DISCUSSION 
i B. Coz,? M. Am. Soc. C. E- —The author of this. 
: w small and select group—those who offer something for the advancement 
co the professional knowledge and ability of the surveyor. In any issue of 
almost any technical publication, structural, hydraulic, and sanitary engineers 
may find results of investigation and analysis which will bear more or less upon 
ie their aaily problems, but the land surveyor is the “forgotten man”’ of the pro- 
 fession, although not of the general public, to whom he is the “engineer.’ 


Truly, the phrase used by Mr. Bauer is a , masterly one (see “Synopsis”): Ses 


fession force upon him.” The economics of the profession have forced con- 
2 siderable shoddy practice on many men who knew what should be done to give 
reliable results to their clients. The clients neither know nor care how the Ese 


_ marveyor | arrives at his results; nor are they i interested i “ the accuracy attained, _ 


The writer surveyed farm lands for competition with day 
labor of the crudest type. Very frequently he went on a job alone, and assis- 


i tance was provided by the client, in the form of his sons and nephews. } This was, 
Le and is, a condition of very.common occurrence and will continue as long as 
a] registers | of deeds are permitted by law to accept the descriptions and plats 
‘made byt unlicensed surveyors. ‘Much has been done to correct this condition, 
- but much educational work remains before the landowner becomes willing to 

‘pay the price which efficient’ help and accurate ‘measurement of land should 


The paper deals entirely with city surveys. and 1 concerns itself with property 

‘of considerable value. The w writer’ 8 experience was with mountain and «ic ees . 

3 “upon him by the economics of the profession were certainly inadequate, even 

for so low a valuation. . If similar studies are presented, 2 as hoped by the author, 


perhaps someone will present the rural point of 


The survey of farm lands by the private surveyor, as distinguished from Bf 
cadastral surveys of large areas by government or corporation is 


generally i in one of the following categories: 


1) Be establish a dividing Hine or a corner} 


ibe. 


Saal a science. In Tennesie, there are no applications of the law of township ‘a 
er and section, but : all property | traces back to original grants, mixed up in the 
ildest | confusion. TInt no case has the procedure been clest-out aiid capable of 


solution entirely by scientific methods and careful of and 


. 
— 
— 
| 


Diplomacy is an important tool of the surveyor, and 
praetically all final results are the result of compromise, either known. or 
unknown to the parties. to the dispute. 1 Under ‘such conditions, repeating 
angles and tension in a tape play no part. 
5 Case (2) requires closer adherence to the rules and i is the one in which old 
can be reviewed and rerun. ‘Unfortunately for such studies, it is 
' 3 seldom that a corner monument can be exactly occupied. Nearly all lines are’ 
offset lines, with temporary monuments, tied to the corners by side shots. — ae 


x : “ Here the parsimony of the owner plays : a great part, not only by preventing the 


manifests itself, not making it necessary to vertical 
a by any means at hand and to correct slope mansurements in the office without 
Case (3) is an extension of case (2), with the survey y checked by 
_ numerous crosslines. In this case, a much closer adjustment is possible. 
Unfortunately, the writer's notes are stored “for the duration.” It would 
be of interest for some country surveyor to produce a tabulation of his work me 
(e showing the accuracies attained under fire (sometimes literally), as set forth 
> against the value of the land surveyed. Ali credit is due the many honest and — rs 
i im efficient men in all parts of f the United States who give reasonable results under ae? 
ver, very ‘unfavorable conditions and thereby aid in the upbuilding ‘of the} profession, 
rs a which has been sadly disgraced at different times and places by men who are ~ 


Rayner? M. Am. Soc. C. E. —Careful accounts of surveying 


"procedures, and analyses of the results ‘obtained, are and } it | is gratifying 


It well exemplifies the fact that, by proper attention to the more co alte 4 


_souurees of error, the accuracy of Surveys, using ordinary equipment, and at 
we 


au There are no very definite criteria for comparing the merits of the different ae 
cr) _ surveying i instruments, and ‘it has become ¢ customary to use the least count ¢ of 
the vernier to y designate the character of the instrument used. > This i is unfortu- 
__ nate because there are wide differences between transits having the same vernier _ 
2 count; also, many transits having 1’ verniers are superior to others with 30" 
verniers.‘ The better instruments yield better results with such a saving in 4 


that it is poor to use any but the best quality on surveys 


of the “‘probable error’ ’ for two observations as by a 
a > ‘and. 4, and as described under the heading | “Tabulations of Linear Readings,” 
scarcely justified. This quantity is based on the assumption that a 
Associate Prof., Civ. Eng., Univ. of Illinois, Urbana, Ill. siti vd at 


4"“Two on — Instruments,” by W. H. Rayner, Experiment Station, Univ. 
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siderable number of observations are used. It is practice 
ay the formulas to a series 8 of leas than ten observations. — gaitobiaro' re 


(7)), but it is 
not clear under just what conditions this value was fan: In particular, an 
important factor is the reading lens that was used. ‘The writer found in his 

investigations‘ that, in comparing the results of reading angles with and with- 
out a reading lens, the probable ¢ error of single readings with the naked eye was 
reduced about one half when a three-diameter lens was used. ob, was also 
found that a large part of the error of single readings of angles i is caused by the 
inability of the observer to set ‘the vernier precisely at zero. This condition 
explains, in part, why the errors of reading angles with ordinary equipment 
are so greatly reduced | when the method of repetitions is used. (a fuee somabive 
5: a analysis ¢ of results. evidently has not differentiated sufficiently between 
~ the effects of accidental and systematic errors. For example, all traverses were 


Tun as loops, wherein the effects of ‘systematic « errors do not become evident. 


- Thus, if a tape , were of incorrect length, all sides would be affected proportion- bog 


- ately, and the calculated error of closure would in no way be affected by this _ 


condition. Also, constant error in the measurement of the 


would produce a like effect. Further, the "duplicate measurement of a line 


under the same conditions will not reveal the presence of any ‘systematic errors, 
This fact probably accounts for the fact that the average accuracy of lines hs 
measured in different years was less than that for lines measured forward and 
- Accidental errors are compensative i in their effects, and hence the errors as 


pT in this report should be smaller for a large number of observations — 


the computed errors of closure would be larger if if the traverses had closed upon > 


other, instead of | being run as closed loops. al. 

. relerence would be: made to the U. 8. Bureau. of Standards: to determine the true 

ae lengths of the tapes used. q ‘The fact that two tapes s are of the same length i -_- 
: a complete evidence that. they are correct. Their true length i is never known — * 

until they have been n compared with the United States ‘standard, ms with a 
“standardized” tape which has thus been compared bel 


The effects of the errors in and angle measurements it in 


attempted ai an these effects in 1928. The between the 


§ “Specifications for Transit ead " by W. H. Rayner, Am. 
Soc. C. E., Vol. 04 679. 
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linear and angular errors are complex and, ‘their efiects must aug- 

rs ment each other, so that the total error of closure is larger than the effect of ‘3 
Considering the foregoing remarks, the following comments may be per 
eee _ (a) The analysis in the sixth paragraph preceding Eq. 5 leads ads to conclusion me 


(2)—namely, | that ‘Retaping a line, forward and back, under ave average condi- 
— 

bt ee) al tions, adds nothing to actual accuracy.” ” This analysis is faulty in that it ad 
win’ 


ae % made at different times but not in repeated measurements made under the 
same conditions. _ In other words, it is probable that the true errors in the a 
% measurements made on the same day are larger than the errors indicated by a 
ad the duplicate measurements. If so, conclusion (2) cannot be justified by the 
‘evidence and analysis used. Clearly, as regards the accidental errors involved, 


. il the error of the mean of two measurements will be less than that for a single ie 


Conclusion (3) is based on the oversimplified analysis of the relations 


Bete ‘disregards the effects of systematic errors ‘that would appear in ae 


a the various errors in traversing. It is conceivable that, in a given traverse, 
+ the effects of ‘angular errors will reduce the effects of the linear errors, or vice a 
versa, but in ‘general, where the laws of accidental errors are operating, 
total error of closure will be ‘comprised of both angular ‘and linear errors and 


Ne ‘Parur Kissa, Am. Cc. E—Ve ery ‘definitely, the "paper by ‘Mr, 
Bauer is a contribution to the art: of surveying. As the a uthor states, 


4 al little is known of the actual accuracies obtained in the field in the usual property 
surveys or just what can be done to obtain the desired accuracies at the 


zy ay minimum cost. If more surveyors would follow Mr. Bauer's le ad by compiling — eRe 

i oe date as he has, there would be no question whatever that accuracies, methods, _ 

and instruments would be improved and costs reduced. 


Errors in Transit Results. —To analyze Mr. Bauer's conclusions, ‘the writer 
has classified the errors of the transit 


(1) Errors i in-determining what the scale \ds (probable error =r). 
(3) Errors due to play between the inner and outer spindles. 


(5) Errors. due to the p positions of the instrument and signals (including 

phase). The probable error of Items 4 and 5 is h. The | 
types cannot be separated using the data given. 


Associate Prof., Civ. Eng., Princeton Princeton, Te ase. 
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g t 
(probable error=p), 


ent. 
@® Errors due to play in the slide. and the trunnions and errors 


(10). Errors due to lack of verticality 0 of vertical axis in setup. eid inten 


-.. — ad) ) Errors due t to play between the outer. spindle « and the leveling head. Bcc ; 
2 o This classification depeadace the assumption that the transit i is in good working Ne ee! 
order and that proper operational procedure is used. 

Int this. | discussion only the major errors - will be considered as the minor 
are negligible under ihe conditions stated. tuna! ‘equa 


‘The mean difference of the entire 176 angles tabulated e 


will bea seen n that this is made up as follows: 
i a Referring to Items 1, 4, 5, and 6, “h”’ is not present as each ar a3 


made at one and with the same | positions. for the signals” and | the 


instrument. Since each pair of observations was made at the wane time itis 


. MON 


in which E, is the actual error of the mean of six repetitions, and k is the ratio 
: between the oie in setting the vernier at zero and the error of reading a “—_ 
transit to 30”. If is the actual error of the first reading: OF 


Sos 


2 Mr. Bauer finds the probable error of a set of six turns to be 3.8; hence: | 7% 


n the apparent signal — | 
= 
— 
by tabulating 176 
+ | y tabulating 176 sets of angles. In each case the first reading and the mean — | a a 
of turns were record d_ tagether ith the differance het ween the firet ai 
found to be 21”. According to the theory of errors the probable 
ka 
| 
— 
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— 
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Assume the third set of values = 0. 8). monet 


It is possible to determine h. Mr. Bauer has determined the probable 
error ¢ of an angle measured by six repetitions when the Measurements were 
ve * 5a made at different times. Such an error includes h. The value determined is 


ee 7.0”. Therefore, 7.0? = 3.8? + h?; and h = 5.9”. If there is no lateral re 
fraction and the observer can assume that the error in position « of the instru- 
ment is one half that of the signal, the angular error due to a a setup 8 is 
5.9 = x2 3 + 2 2 and 1 89". leur 
val Since the average length of line is 700 ft, the probable error in position i is 
expressed as follows: d = sin 1.89” X 700 = 0.0066 ft, in which dis the error 
o. This computation results in the following probable errors in angle determi- 
h (position of and signals at 700’) : = 5.0” fite 


D 


p (pointing on apparent signal) = 4 on 


“These depend on two The first is the can be set 


ry at zero with 0.8 as the error of reading the scale. The second is that the error z 


oft the signal position i is twice | the error of the transit position 
are no data in Mr. Bauer's paper from which can be deduced the 
_ decrease in the probable error that would result from reading the minute transit — 


—: 15” o or the effect ¢ of of finer "graduations. - Itis It is the ata of the writer that: 
There is a reduction i in probable error the. vernier ot 
1’ transit is read to 15”. This procedure has been followed since 1933 by 
the New Jersey Geodetic Control Survey with considerable reduction ie 


Pon 


: 2. The fineness of graduation has little effect on the accuracy, the accuracy 


- being — a function of the clarity of the graduation as presented to the — 


‘ of ener measurement for immediate retaping and for retaping at a later date. 


= he states, this i is not based on comparisons with precisely measured high 


chiefly on tension, ‘temperature, slope, and 4 
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the same party on the same ) day with the same aw ‘balance gives & poor 
- determination of the accuracy, and, as Mr. Bauer points out, is of little practical — aoe 
value except to pick up blunders. The probable error.for this read is 
e given as 1 : 22,800 or 0.0000439, which corresponds to an angle of 9”. faesat 
From the of errors (which Mr. Bauer. quoter) the following is 


robable error = 0.954 , Total error . Hence, the total error or accuracy for 


KISSAM ON SURVEYING ACCURACTES 


were measured once with the telescope | direct and the 
= once with the telescope reversed (indicated herein as 1 DR); and if toe 
9 verniers were read each time, the expression for the Probable | error ae 


measurement would be } AT (k? + 3) r?+ 4 Substituting the 
values computed, the probable e: error is 7. 73”. mad thi 
Introduting the | errors of position ‘signals | and transit, the resulting 


sccuracy is ANT. 71? + 5. 9? 
closely with the error near found by Mr. 
Which i is the equivalent of an angular accuracy of 9.0’. Thus, whereanaverage 
seeuracy of 1: 10,000 for a traverse is required, the angles s should be measured 
LDR, both: verniers should be read, ‘and the usual methods of distance measure- 
ment used. Such traverses would have an accuracy of between 1 : 5,000 and 
higher a accuracies are desired, the method of taping should be improved. 
it were “te obtain traverses having an acouracy of 1 : 25,000, a 


would have to be eliminated. fig Probably this could be obtained in commercial — 
ie work by using a 300-ft tape fully supported on some surface, like a sidewalk or 

‘Street pavement, using a thermometer and spring balance, and running arough — 

Z i profile over the tape for slope corrections. — When sachs procedure i is used the 
accuracy of measurement will usually attain better than 1 : 25,000, having a ys 

rae probable error of 1 : 52, 000 corresponds to about 4” of arc. Too obtain — 

of 4” in the transit work would require a considerable i improve- 

ment in the centering of signals and possibly in the transit itself. 

‘The desired Tesults could be obtained if the signals were designed to have oe a 


no no phase and the work could be performed a at any time when there was at least ete 


ts ‘Signals and the transit were set so that the probable error of their positions 
as 0.005 ft. Under these conditions h = = 2s; but, at 700 ft, 


= 1 40”, and h = 2.8” paris fan Ys 


‘Transit accuracy also would have to be idan so that a lower Probable a 
error would result than Mr. Bauer found tobetherule. 

de To obtain this accuracy it is suggested that o one set of 3 DR be used, reading 4 
both verniers at the eae and end of th ; Then, the probable error 
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Traverse 2 b thet the probable error of the transit won 
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aa Bh, - operation and t the error of the positions of the transit and the signals, the rs: 
robable error of determination would be VG. 20)? + (2.8)? = 4.2", 


* ee This error would be reduced, of course, by using lines of more than 700 ft Tae 
— 80 o that a reasonably good balance between transit accuracy and taping accuracy ie 


would be maintained. Assuming that transit errors and taping accuracy ; 
\ affect the traverse equally, the probable e error of such a traverse would be o iy 
about 1 : 50,000, and the accuracy about 1:24,000. 
Conclusions Assuming th that Mr. Bauer's traverses represent the 
traverses run by good land surveyors, the accuracy to be expected is =e | 


"The transit work is of a much higher degree of accuracy than the taping 
and so long as the present method of taping persists there is no advantage in a x 

turning the angle more than 1 DR, using both verniers. 
a If high-grade traverse work is required, an accuracy of 1 : 24,000 con 4 
; be obtained with little, if any, increase in cost if a 300-ft tape is used and the ny Re 

angles turned 3DRreading both verniers.§ 

liye These recommendations are based on the ammenities that a better targetis — 


than i is ordinarily fou found i in and that noon ‘hours on clear 


Mr. Bauer has assumed that Manual No. 10 uses a “probable” error in speci- 
fying the order of accuracy. o It is the belief of the writer that by “error of 


_ @losure”’ ‘is meant the total error divided by the total length, a value which i is : 


“average probable error would have to be 1: 73, 500. VA od 


GEorGE D. M. Aq. Soc. C. E., 
Soc. Cc. E, AND W.0 0. Byrrp, Esq. —An interesting approach to the 
a subject of mepenne 4 accuracies is contained i in this paper. The writers have long 
:. ba, felt that too much emphasis has been placed on the ‘ “just-happened” closure of 
the entire loop, and not enough 0 on designing measuring instruments al and | measur- 
eet 4 ing ; procedures that will i insure ‘uniform p precision for each and every tangent of 3 ei 


: specified for a traverse loop or By should be an indication also of the approxi: é 


mate precision of each individual course in the entire line. 43. hos 
<< ae ‘Traverse does not have e as ‘many rigid geometric checks available as does 43 es 


triangulation, and for that reason safeguards against blunders are imperative. 


oF Within the limits of accuracy desired in the traverse, known systematic errors = 
_ should be eliminated, and measuring procedures should be used which will mini- Be 
of Surveys, Maps and Surveys Div., TVA, Chattanooga, Tenn. jeat 
* Civ. Engr., Maps and Surveys Div., TVA, Chattanooga, Tenn. __ 


"alate Maps and Surveys Div., TVA, Chattanooga, Tenn. 
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aad be used that will provide the required accuracies most economically. . pa 

x Unless consideration is given to some of the systematic taping errors, third- ee 
order r traverse accuracy can be attained only under exceptional circumstances. 


errors that would equal the limits for third-order traverse accuracy (1 : 5 000): 
Pe zs (a) Aah actual length of a 100-ft tape differed by as much as 0.02 ¥ 
from: the true length, a systematic error of 1 : 5,000 would ‘result, ‘Such a = 
change i in Jength may be caused by s stretching or kinking. 
(b) Under certain conditions a systematic error of 5 lb in tension 


fe the tape would in a systematic e error of 1:5,000. 


here are, f course, other systematic taping errors, the accumulated effect of 
The need for reducing systematic taping errors is immediately when the 
verse runs between two Previously fixed points, such s high-accuracy tri- 
saw tog stations, or is part of : a traverse net run under varying weather « con- 
_ ditions by two or more parties using different measuring equipment and pro- 
 gedures. These errors, obviously, will not ordinarily be felt when dealing ae 


with traverse that i is run in a loop, and on the 


eons to a large extent, the measuring procedures and instruments used; 

3 ¥ a cataie of surveying accuracies is incomplete until the effects of such errors are 
considered. Systematic angular errors fortunately can be largely eliminated. 
proper procedures and by distributing angular closures bef ore. 

a _ The writers believe that accidental angular errors have a considerable ae 
effect on on the quality of a traverse, but that accidental taping errors, because of — . 
their more nearly complete compensation, have a much lesser effect and account 

_ for only a small part of the total traverse closure. The effect of accidental oe ; 

4 angular errors can be reduced, however, by means of any or all of the following ey, 

safeguar ards: (1) Frequent azimuth control lines through triangulation; 

_ frequent astronomical observations; and (3) use of long azimuth control lines, _ 


which span several of the shorter, directly taped courses. od. 


. The limiting of the error is assure a 
“stor accuracy. The writers believe that the specifications should include © 
_ the measuring procedures and instruments to be used, so that each individual 


ape reasons of economy, because the desired angle accuracy can be obtained 
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G. Brooks Earnest," M. Am Soc. Cc. E.—Far often 


in the mind of the practicing, g, private surveyor i is that of 
- alone, rather than profit plus self-satisfaction resulting from assurance of 
accuracy of the e individual surveys. Obviously, engineering economy 
one “dictates the essential equipment, together with the methods of operation and 
ee order of procedure for various classifications of surveys executed by the private — 
‘surveyor. . Therefore, specifications usually neglected—which_ can be 


contributed largely. to the existing multifarious. public and private. “eontrol 


__ When one undertakes: to make an exhaustive search of survey records ae 

through an accumulation of field books covering a practice of fifteen years or 
a more, he is to be commended highly. Would that other practicing surveyors _ 


ae might similarly correlate their work, if for no other reason than to determine 


J 


their budget of accuracies throughout stages of their practice. heed 
all probability, there would be little similarity between | published 
accuracy curves of a score of territorily scattered , private surveyors. Many 
W reasons contribute to this fact; such as: Instrumentation, individual (unique) i 
oy methods of operation, topography, existence or nonexistence of precise control, © 
- taping procedure, and climate. Nevertheless, the underlying thought in such we 
research is to » inculcate “precision thinking” among those in the field of sur- i: = 
= veying—not with the intent that an estate survey in the suburbs should be ye 
A executed with the same degree of precision as a ‘downtown’ —— 
x ad property is worth 1 several thousand dc dollars per front foot, but wholly with the 
24 idea of impressing the private surveyor r with the value of uniformity of specifi- } 
cations for individual types of surveys. 4 
The author's results -Tepresented by curves, (3) through (8) (Figs. 2, 
and 4), are indicative of experienced personnel and painstaking field execution. an 
However, to one who is experienced in traverse surveys of first-order ‘and 
eae second-order nature and with the knowledge of the pitfalls encountered even 
with the use of 10” repeating instruments, taping bucks, , ete., to comply with 
the control precision specified, it is difficult to the respectable per- 
centage of high- order results from commonly called “third- order” methods of By: 
field operations. re (Of course, without precise control, loop closures must be oe) 
relied upon to compute the probable error of closure, and there is the possibility — 
compensating errors fortunately occasional, exceptional | order of 
"Relative to angle observations and between two monuments 
the common “garden variety’’ street intersection type, taken several years 
‘ are apart, there would naturally be no pattern n of mean probable error (especially 
north of the Mason and Dixon Line). F urthermore, geological conditions, 3 
frost conditions, and depth of monument would affect such comparison mea- — 


surements differently in cities widely separated in latitude. 


Associate Prof., me. Case School of Applied Science, Cleveland, Ohio. 
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time-measurement”’ conform strictly to individu ial conditions 


and are meaningless unless are between so-called 


monuments that have their support below the frost line and are low i in sus- 


practicing surveyor. The Society’s Surveying and Mapping Division recog- 
nized this fact when, in (1928, it formed the Committee on | City Surveys and 


and to make detailed as ‘echnical methods.” 
‘The result of this Committee’ 8 study and research was published i in 1934 as 


City: Surveys. The scope of this manual dwelt chiefly on control surveys of 
highest order. ‘Later, in 1940, due to increased importance in 
Manual of Engineering Practice No. 20 was published entitled “Horizontal 
Control Surveys to Supplement the Fundamental Net.” "These manuals 
represent approximately ten years of active committee in drafting the 


E _ universally recommended procedures for the several orders of control. There- 
it behooves the surveyor, , who desires to stay abreast of 


8. A Bauer,” Assoc. M. Am. Soc. C. E.—The writer is indebted to 


“Colonel Coe; Professors Earnest, Kissam, and Rayner and Messrs. 


at _ Professor Rayner is correct that Eq. 5 (which attempts to view the waned 

all picture) tends to oversimplify the problem ir in relation to the individual 
3 traverse. j ‘Curves 4, 5, and 8, Fig. 5, offer a truer picture of the problem mY 

i applied to the individual traverse than that previously presented in Fig. 4, _ 

‘3 since the conditions within a Are: traverse are more nearly 1 met by ¢ curve 5 


unit of one part in thousands) at the various frequencies. — 
_ ranges of accuracy, there is a marked agreement between calculated curve 9 and 


be - traverse curve 8. This would seem to indicate a compensating effect of the 


linear and angular errors within a traverse. 


_ -However, the linear errors referred to. are the probable errors in the mea- 


surement of single ines, and the errors similarly are the errors 


oe the length of a traverse, plays no part in the niinoeene of closure. nee Bes 
De This contradicts much that has been written, and it is particularly contra- a 
to Professor Rayner’ s 1928 study of the problem, wherein the 
traverse closure is given as a function of the of traverse. 
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“The w writer finds no relationship of traverse accuracy to of 
but only to mean side length. ef Professor Rayner properly asks for explanation. 


On this point, further investigation has prooneded: as follows: Seven cases of 


e general conditions 
ao I oroutside loop closure better 
lo od’. than the best smaller inside 
loop closures of which it 
est: inside loop closure; in 
seven cases, the outside loop 
closure was better than cer- 
tain individual loops within 
46 itself; and, in eleven cases, 
the outside loop closure was 
inferior to certain individual 
loops within itself. of 
ae? Six other cases of two or 
more interlocking traverses, 
topographic conditions but 
without an over-all outline 
elosure, were examined. In 
“two cases the longest loop of 
its group had the best closure 
i of the group; four cases oc- - 
curred in which the longest 
of a group had the 
& est closure of the group; i in 
‘eight cases, the longest 
had. a better closure than 
some of the smaller loops 
within its group; and, in 
cases, the longest loop of a 
9 group had poorer closures 


Frequency of Error (Percentages) within the group. 


ots } old, b The foregoing study of 
Fie. 5.—-Traverse M®aSUREMENT AND ANGLE ACCURACIES thi 
(Exrressep as Ons Part z THousanns) t irteen gr traverses 
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parable to the others within its ‘group as | to terrain, side length, etc.) indi- 


x 


i” throughout a traverse, that increased length of traverse will not help the closure, 
- the length of the eee side, rather than the traverse length, affects the e 


Re would seem to indicate, also, that the compensation of errors does not extend i 
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‘losure, that the compensation of errors occurs within a side, but 


‘The writer is not ready to state that this relationship extends to all instru- 
F ~ mentation. and procedures. These findings only can be attributed to the equip- 
ment and procedure used bag. aotiats af old Jon bax 
jn this paper, since the 
limit of accuracy of the) AGE ba 
been reached at 180 
mately the length of amean 
line and that additional sual 
_ length may not add to ace 160 
curacy any more than un! & O99 4 3 
limited reobservation of a ot 
‘the accuracy of the mea- 
surement indefinitely. (It § 
will increase only the ac- ap 
curacy of the value of the 
the hypothesis is offered 100 
that; within traverse, 5 
errors combine as com- 
pensating errors to a point 80 
(probably determined by fa ite 
the instrumentation 
procedure) and then be- ats 
come fixed as a systematic 
error, increasing with the 
length of the traverse, and 
thereby. establishing an ac- 
curacy, expressed in terms _ wr 
fixed at the point where 
var arious n manners raise the TRE 80 
problem of the difference Frequency of Error (Percentages) 
2! Although this paper is s primarily concerned with actual accuracies that have i? 


Fie. 6 Curves (Expaessen as 
selves, and position closures between fixed stations previously established by 
been obtained in the regular business of a practicing surveyor in a territory as — 


2| 


Mean 
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bounds o of to project the same into indicated 
angular errors of the instrumentation and used, the relative 
% oa values of loop closure and position closure should be indicated by the use of ; 
curves 5 and 6, respectively, for in the formula E; = Po+ resulting 
re in a calculated mean value of E; = 1 : 21,500 for loop closures (an observed 
mean of 1: 22 600) and a calculated | moan of A: 18,000 for position 
The latter value is considerably that recognized as 
oh “obtainable with the instrumentation, and no conclusive proof of the hypothesis ne 
_ can be offered, since the precise control i in progress | under the direction of Pro- of 


fessor Earnest has not progressed sufficiently to permit such p proof. The: state- 
ment can be made that such few position closures between established transfer At 
rs points, as have been run by tl the writer, have been better than 1 1: 20,000. These Ag 
runs have been too few to date to eliminate entirely the p possibility of mere 
accident and the phenomenon of probable frequency of error, 
Fig. 6 indicates theoretical probability curves for accuracies from 1 : 5,000 
ing to 1 : 40,000 and shows the probable « error or “gecuracy” of each series as well & 
as the approximate mean error of the series, which occurs at the 60% 


rane In accordance with probability formulas, for | any prescribed accuracy of ; 


CPi established by instrumentation and procedure, 27% of the results of a large 


= a _ Fig. 6 also shows traverse curve 8, indicating : close conformity of the actua a 
G. traverse curve with the theoretical probability curve for an accuracy ¢ of about — 
1 : 27,000. Contrary to o supposition, the frequency o of extremely small errors 
is shown to be actually less than the theoretical. 
_ The writer is unable to agree With Professor Kissam that “to obtain this — 
he < accuracy [1 : 35,000] the average probable error would have to be 1 : 73,500.” ; 
ay ‘This theory is contrary to that of Professor Rayner as elaborated in his paper ei 
eh , previously mentioned® and is not indicated by the results of these tabulations. _ 
Professor ‘Kissam, however, ‘supports this writer against Professor Rayner's 
a criticism on on the subject of the value of retaping a line. Pk The difference of E 


_ The writer thanks the discussers of this paper f for new thought to apply to an | 3 
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EARLY CONTRIBUTIONS To MISSISSIPPI 
Wirz Discussion BY Messrs. ROBERT FOoLLANSBEE, R. W. Davenport, 
SENOUR, Joun Hoyt, Gzorce 0. Hi’ Cory, 


NOPSIS 


i gence certain values among the early records which had apparently a 
neglected, if indeed hed ever been recognized outside the group respon- 


_ tions of the Corps of Engineers and the Mississippi River Commission. 
‘The fragmentary hydrologic ¢ data of the earliest record periods ‘are as- 


q sembled in this paper. They are extended by derivation, estimation, o1 or oie 
parison with related data from neighboring stations, and tentatively integrated 
eet a continuous record covering 122 years, ending i in 1938. oo 


within the record are the discharge determinations for the 33 years ending — 
pith 1860, as published by the late A. A. Humphreys, Hon. M. Am. . Soc. C. E., 


e and Henry L. Abbot, with such ; adjustments as were found necessary to con- 
; e unofficial, published or unpublished, were taken into consideration i in ‘compiling abe 
these basic hydrologic data. A sharp distinction has been made between the 


here submitted, are as challenge as it seems practicable to 


extent, on an annual o or ¢ even monthly basis. 
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fair correlation generally for the 5-yr or 1 ‘Wits 
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oft-repeated inquiry concerning the actual discharge of the 


% Mississippi River in its lower course has brought unsatisfactory results accord- ¥ : 


ih Ss to the writer’s observation; yet the observed, computed, and estimated — 


ine 


re 


discharge quantities have been re- 
ABLE 1 —Muississtrrt RIVER Dis- corded for 33 of the 43 years, 1818 to 
cHaRGE at Natcez, Miss. _ 1860, inclusive.* The fact that these 


_ discharge quantities are expressed i in oe 
cubic feet per year, and thus involve 
__._ trillions, should be no barrier against 
Computed | | “Calendar their use. Division by the number A 
“4 “of seconds in a calendar year readily 
reduces the quantities to yearly aver- 
age discharge in cubic feet per 
“ond, asshownin Tablel., Theuseof 
aT hydrographs and tabulations of gage 
heights assisted in the apportion- 
ment of discharge, month by month, 
198 to conform substantially with the 4 
respective yearly quantities. More- 
over, both large-scale hydrographs 
and daily discharge quantities are 
available for practically the entire 
years 1851, 1858, and 1859, repre- 
senting the most notable flood years 


8 

8888 


17 
21 
15, 
15, 
11, 
18, 
21 


of the Mississippi River, within the 

detailed record period up to that 
60g time, at two or more stations on the 
lower river. Likewise, the same in- 
a formation is available for 1852, and 

parts of other years at Various” 

stations on the main river and its 
| tributeries, in addition to some a 


20,350 
617 years of river-stage records, 1817 to 


inclusive, depicted on smaller 


‘scale for publication i in Professional 


except the second item, which was J January, 1822, Paper No. 138, and recently gener-— 


tie the alized and further reduced for inclu- 


from temperature, sion in Fig. 1. This record was 
compiled several sources:*‘ 


mot adiquh Rog ait Reports of the Mississippi River 
Commission; records of rainfall, river-stage and flood phenomena, 


Sosy 


bbot, Professional Paper No. 18, Corps of Engrs., U. 8. Army, 1876, p. 130. 
Plates V to XVIII and tabulations. 1? #5 


_  4“Rainfall and Runoff of the Mississippi River Basin,” by Harry Larson, ms. filed for reference i in * 


®**Report on the Physics and Hydraulics of the Mississippi A. A. Humphreys and Henry L 


j 


— 

— 

1818 | 1819 
1822 | 1828 
(1824 | 1825 
1833 | 1834 
— 1839 | 1840 
845 | 1846 

1850 | 1851 653 

1851 | 1853 

| 

«1859 | 1860 | 15,200 481 

et 
— 
— 
— 


a 


Observed River Stages at Natchez, | if 


-~~Derived and Estimated Gage Heights at Natchez, Miss. _ Fas Pope 
Monthly Maximum Gage Heights at St. Louis, 


—~-—Gage Heights at Donaldsonvilte, 
4 Yearly Maximum Gage Heights at Natchez, Miss. 

A 4 ‘High and Low River Stages at Cincinnati, Ohio 


Ate _ Divergencies of Maj. Harry Larson's Compilations. 


4 m care with which the o observers recorded information such as 


rising : as oye to the | falling stage of each major flood « event, the 1 oe a he 
of inherent limitations as to attainable accuracy for individual measurements— 
all are earnest approaches toward, if not the stepping-stones leading to, the 
more rigorous standards attainable with improved apparatus and methods 2 
_ developed during recent years. Quoting Messrs. Humphreys and Abbot: a 
- “It is evident that the condition of the river, whether rising or falling, Zo 
sf "makes a great difference in discharge at any given stand; but it isequally 
evident that a mean line between these two extremes can be drawn that Rca 
shall form the basis of a table by which the annual discharge can be 
E _ deduced from the recorded gauge-readings. For any given day, its in- a 
oo. dication will be erroneous, but for the entire year, which includes both 


the rising the falling | of the curve, it be sufficiently 

The difficulties wit floats, subject to deflection or 
acceleration due to wind velocity, naturally led to the adoption of multiple cd 
submerged, and of rods so weighted and adjusted as to maintain 

_ them nearly submerged and vertically suspended, supporting small flags above iat 
the surface for observation. By such means Mesers. Humphreys and Abbot 
developed information regarding depth-velocity relations closely in accordance __ 

¥ with | the most advanced thought | and adopted theories of Tecent years, as evi- 
by the parabolic velocity curves presented by them.’ Likewise, 
ee evidences of a rigorously scientific approach to determinations of BS 


q e observed some 5 ft below; even a forerunner of the familiar reduction facto 
of 0.80 or thereabouts, by which observed surface velocity may lead to an — 
approximate value of mean velocity for the station.* Abundant proof is to be E 


4 bas _ §“Report on the Physics and Hydraulics of the Mississippi River,” by A. A. Humphreys and Henry L. 
No. 13, Corps of Engrs., U. 8. Army, 1876, p. 128. 
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found in the ansociated text of fa. agreement between ‘quantities. 
a by formula and by observations. = © 
_ A review of the specific examples in the same report for which h detailed 
a calculations are recorded should not fail to impress an unbiased investigator | . 
a with the idea that those early measurements of stream discharge are beyond 
; e. challenge, within the reasonable limitations as to accuracy, inherent in their | 


equipment, "methods, and working conditions. Whenever hydrologists have 


_high- water marks observed some days following the passage of flood peak, 


whether the event was last month, last 3 year, or 100 years a ago, they have peau 


sion to regret the absence of actually observed velocities. Even the progress — 
uprooted trees in midstream—or better, largely-submerged floats, properly 
=. aced, and observed by theodolites over measured courses in accordance with _ 
_ those early practices—might give results at least more convincing, if not more 
reliable, than those ordinarily expected by slope-area methods; yet the latter 
in 1 skilful hands m may provide fairly acceptable approximations—o ns—often the or onl; 


recent years. 


oirs, 
and lateral overflow areas. Also included are the proportion by weight and 
Es ee distribution of Set bed load and sediment in suspension, the latter varying, 


for the 12-month period beginning February, 1851, from or an 


of = the year.® Expressed i in parts per million by weight, these 


fractions reduced: ‘to. 1,467 ppm, 157 ppm, and 553 ppm, respectively, for 
rroliton, La., as contrasted with tl the tentative estimates fo for the following 
a year—namely, 1, 748 ppm, 116 ppm, and 690 ppm. Furthermore, observations 
- extending from March to November, inclusive, 1858, at Columbus, Ky., gave 
results! reducible to 1 ,493 ppm, 140 ppm, _and 757 ppm, whereas those at the 
a a lississippi mouths, taken by George G. Meade (later Major General, U.S. 
B _ Army) from April to June, 1838, averaged 638 ppm for surface samples, and 
:  % 785 ppm for subsurface, at depths ranging from 6 ft to 90 ft. niertin 
yt ‘The | foregoing observations as to suspended sediment during years of more 
_ than normal rainfall and runoff afford interesting comparisons with data pub- 
lished by the U. 8. Geological Survey" in 1909. These are based on 15 years 
of sediment determinations by the | Corps of Engineers, U. 8. Army, and 5 years 
Bs of determinations by the New Orleans (La.) Water and Sewerage Board, prior — 
to 1907, and one year of determinations at various stations by the U. 8. Geo- 


logical Survey, presumably during years of somewhat less than normal average 


Se “Report on the Physics and Hydraulics of the Mississippi River,"’ by A. A. Humphreys and ors 
: J bbot, Professional Paper No. 18, Corps of Engrs., U.S Army, 1876, pp. 147 ‘and baad 


Ibid., p. 139. tye DOF al | hae Ye} 
4 Water-Supply Paper ¥e. 234, U. S. Geological Survey, Washington, D. C., 1909, Pp. 87, 
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Table 28 that suspended sediment above and below the Missouri | River mouth, 
at Quincy, Ill., and St. Louis, Mo. (Jefferson Barracks), respectively, was in- 


TABLE 2.—SumMarizep OBSERVATIONS ON DISSOLVED AND 
(Values in in Parentheses We Were Not Published in Original Tabulation, But ‘Were Derived from . Te 


Denupation 


4 
olis, Minn...... 19,600] 0.608 ,920) | 200 7.9 }(119) an (1,600) | (40,000) 
Quincy, TL........ 135,500 | 0.538 73,000) | 203 119 108 63 /|(1,767) | (3,030) 
uis, Mo. 700,700 | 0.263 |(184,300)| 206 | 964 53 | 250 3,600) | (764) | 
Menard, Ill....... 711,900 0.263 |(187,000) | 269 | 634 70 | 164 |(2,720 (1,164 
Memphis, Tenn...} 941, 0.546 |(514,000) | 202 | 519 109 | 27 1,750) | 
New Orleans, La... .|1,261,000 | (0.560) |(706,000) | 190 | 600 /{(105) (330) 1,820 (680) 440) 
At mouths....... 1,265,000 0.560 719,000) |(190) | (600) 106 331 ie 1,820 (580) 


creased some eight-fold, or from 119 to ppm, while the dissolved solids 
constant (see Table 2). ee 


the brief chapter on “Denudation,” from © which Table 2 was 
ss obtained,” represents the most comprehensive and scientific approach to the __ 
a - problem of which there is evidence, up to the date of its publication. Among a a 
the items of interest and value are those purporting to represent the average 
a ell river discharges and proportions of solids throughout the periods of available 8 
a wae record. The fairly consistent relationships between such discharge : and sedi- : 


ment computations or estimates, and those developed in connection with this — rg 


paper and associated research Projects, afford at least ‘Partial 


= from. officially accepted and published quantities. _ 


ah _ One of the most serious errors that might readily result from a casual use o 
ce. — _ of such data would be the assumption that it requires centuries of erosion and Be? 
runoff to denude the soil a single in inch, when it, it is well known that a day of 
q ape intense rainfall or of rapid thawing, or a series of storms, may displace recently a 


_ disturbed, unstable, unprotected soil on moderate slopes to a depth of not only ae 
= an 1 inch, but occasionally several inches under only normal concentrations of - 
Ppa flow. Iti is well known that soil on sloping shale or other smooth surfaces 1 may 
ge _ slide in its entirety when the plane of cleavage becomes saturated, so that the ae 
Fee of solids moved locally, for short distances, may far exceed th the ane 5 
+ of water releasing it. — x: hus, the actual depth of local denudation in a semi-arid 


Eee the actual rainfall and might far smesed the depth of runoff from the entire 

basin, which usually small ‘Peroentages of rainfall, 


* 
re 
a 
ae 
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x me and delivered into the Gulf of Mexico are but finely divided samples of __ 
the total erosional products—the dissolved or flocculent or other readily sus- 
pended portions s of the disturbed soil mantle. The heavier and coarser ma- 

‘ terials, along with varying percentages of the finer elements, are strewn along : 


Without those well- -organized ap- ap- +... | Maximum gage 
3 wading» t) | (cuft persec) 


tury, engineers would have been de- ef 
prived of much helpful hydrologic 
as well as scientific 4 


servations and opinions in related 
a A fair-minded review of the 


mass of data yielding the average 


= 


a impress one with the magnitude 
and difficulties of of the undertakings, pel 2 53 
the foresight, , determination, yand 


o 


as 


-plishments of those early observers 


The writer’s. review of those early 
disclosed such consistent pes: 


between rainfall, tem- 


perature, and runoff, allinfairagree- 
with the same observed phe 
nomena: during recent ye: years of record 15.40 
that they provided access to req- 19 | 
uisite basic data and indicated a is 
method for deriving probable values 
Mississippi River monthly average 
discharge for the years of rainfall rec- “1800 am 


= 


Ss 


Be _ scarcely use the term “non-record”’ in . this connection, inasmuch as some basic 

; - data at important gaging stations are available for every year beginning with _ 


Maximum annual at Natchez date back intermittently to 1770, 
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Se ead continuously after 1801; and available records of maximum gage heights eo 

Carrollton began in 1811,asshownin Table3™ 

4 Table 4 shows some interesting relationships between departures from 

fe eG rainfall and runoff, year by year, and month by ‘month, all expressed in inches cae 
depth over the entire drainage area above Natchez. (Runoff was either 

t 


AND MississiPPr Runorr FROM Recorp Means Yo} Het 
4P, and = = Departure of Temperature, Precipitation, and Runoff, Respectively) 


< 
(degrees F)} (in.) | (in.) | (degrees F)| (in.) Gn.) | (degrees F) Gn.) | Ga) 
..| +61 | +20 427 | +4006} +01 | -0.34| +001 
February. 424 «| +101 4087) 428 | +04 | 407 | +017] -0. I 
| 406) 4014) 415.7 | -22 | 4027] 403 | -0.14] 
| 409 | 40.09 +28 206 | +08 | -0.00) 
| 4023} +51 | -14]-029| +02 | -004/ +4005 
JUNE. +18 | 41.3 14023) 41.2 | -0.8 | -0.32| +08 | +0.24| +0.05 
| 40.6 | +0.09 +3.3 | -0.7 | -0.25| +07 | +030] +004 
August. ........ 40.5 | 4003} 408 | 401 | +013] +007 
September. ..... | -28 —0.3 | -0.09| -12 | +0.01/ +004 
etober......... | -09 | -0.03) +01 | +01 | -005) -22 | +0.01| +002 a 
November... ... +24 «| 40314005) -45 | 409] -12 | +0.18| +0.02 
December | +14] 4008} -44 | -01 | -0.07| -11 | -0.02| +003 
measured or for the Mississippi River at Natchez. Temperature 
observations w were made at St. Paul, Minn., from 1819 to 1837, and at St. I Louis, : 
4 ros : from 1838 to 1877. — Precipitation was observed at Marietta, Ohio, from 1817 ‘SS 5 
to 1829, and at additional stations thereafter as they became available with 
desirable distribution. In 1850, the total was 15 stations; in 1860, 22 stations; 
in 1868, stations; and in 1873, 45 stations. The two representative years 
Be elected for inclusion were 1850 (above normal), and 1860, with subnormal a 
rainfall | and runoff. Thus a yearly excess of 5.5 in, in precipitation produced 
an excess runoff of 1.61 in., whereas the deficiency | of 5.8 in. produced a 
the addition of several rainfall mtation were - — 0. 35 in. and - — 0.2 
For the month of March, 1860, the influence of the 2.2-in. deficiency i in 
a Te rainfall was more than offset by the unseasonable temperature, t the + 15. 7° F % * 


i ee. _ runoff for that month. Likewise, a rainfall deficiency of 0.8 in. for May, 1850, 
in combination with a temperature departure of — 3.6° produced a runoff 
ee of 0.23in. In many instances the time lag between rainfall and runoff a 


“Report on the Physics and Hydraulics of the River,” by A. A. Humphreys and Henry 4 
oy L. Abbot, rofessional | Paper N No. 18 , Corps of Engrs., 8. Army, 1876, p. 443 and Plate vill 


having released the ice sufficiently to produce an excess depth of 0.27 in. in ry | : 


Bae 
= 
= 


for the excess or deficiency: occurring in the following or year instead of 
being in the same period asthe rainfall, 
* Bie Table 5 lists the average rainfall depths { for the available stations, to the are 
i number of 50, for the entire 122 years of record, together with the departures . 
is in both precipitation and runoff, all measured i in inches over the drainage basin — 
above Natchez. In general, about 3 3 in. of rainfall departure produced 1-in. a 


departure « of the same sign in runoff. ° However, there are wide variations from ae 


. spite of the 4, 900 s miles excess sof area at Natchez as 
a. that at Vicksburg, Miss. (representing 0.438% difference), the annual yields 
At should be within 1% of equality. Therefore, they should be almost inter- 
45 om changeable for the early records, if not for the later ones, in view of the ad- 
: fs mitted uncertainties of stream measurements at their best, requiring a tolerance | 
of some multiple of that difference, according to conditions. _ Where stream 
-gagings are numerous and of a high standard, it may appear reasonable to'take 
Pe - the difference of 1% into account, as has been done for the Vicksburg-Natches ig 
record. Thus, the 122-yr means have reduced to 593,000 cu ft per sec and 
E 599, 000 a ft per sec, respectively. From Table 1, the 33-yr record mean for a7 
Pe é Natchez was either 614, 000 or 617, 000 according to the t two separate determina- 
tions, thus differing by 0. 5%, which happens to be the same as the percentage % 
_ of record-period represented by the two-month difference between those water 
i years and the calendar years. _ According to Table 6, the first ne 9 mean dis- 


; charge at Natchez was te maximum attained, or 626,000 cu ft per sec, as 


first 110 years. "(Table 6 was compiled from the report; ; 
apeem m stages and discharge observations of the L Lower Valley of the Mississippi 
River, January 1 to June 30, 1937; from annual reports of the Mississippi River 
Commission and the Corps of Engineers; and from of the 
Obviously the consumptive use of water in with initial 


me. fillings of large storage reservoirs, together with the subsequent diversion for — 
.: irrigation and other purposes, may account for some of the difference between RS 
4 the first 50-yr_ -mean and the mean discharges for later periods at Natchez. | It 
has been computed and estimated that, as of 1930, some 13,000 cu ft per sec 
were withheld from the Lower Mississippi River for alone, exclusive 
initial storage and attendant losses. 
PERMANENCY oF Gaaixa Szorrows 


a 

os Opinions expressed by Messrs. Humphreys. and Abbot as to the age aggradation, — 
degradation, or relative permanence of Mississippi River channel sections were _ a 
eee based | on more » than those erie determinations, covering some 44 
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4 years of intermittent. observations | and records at various stations. 
several years devoted primarily to the investigation, including residence and 


oe field work, must have been supplemented prior to the second edition in 1876, 
were ‘still actively engaged in important professional work, and 
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« A minus sign denotes * “deficit.” _ > Values in parentheses were not 


‘derived from data contained therein. « Average discharge of the 
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ublished in the original tabulation, oe were 
ississippi River at Natchez, Miss., for 122 


Wein to 1938, inclusive) was about 599,000 cu ft per sec, representing an average yearly runoff depth of 


O6in. 4 Using the month-by-month analysis from 27 or 45 rainf: 
Lat six items. 


ce: a thus were able to o participate i in the ac additions, with nearly a 60-yr 7 record before 


stations for comparison with the succeeding 


= them. Therefore, it seems evident that they had considerable basis for their — 


opinions, repeatedly expressed in their report, to the effect that 


in general 
ae a River bed in its lower course was neither building up nor cutting Bs 


— ij. 
— 
— Inches) 
‘Year of | Sta- Runoff || Yearof | Sta-|~ Runoff Year of 
i excess** || record | tions/ Average} Annual} excesses record 
— 42.13 | 36.30 | 5.83] -1.13 || 54 | 17 41.00 | -0.59/ -040 8 
13 | 30.11 | 3.02] -145 || 55 | 16 4143 044) -249 
— 42.13 | (53.00) | (10.87) | 24 $8) 483 
. 42.13 | (87.00) | (—5.13) 60 2 ‘3401 | -6.22 
42.13 | 41.60 | —0.53 1861 | 20 | 38.54 | 30.76 | on 87 
i 41.46 | 62 | 19 | 37.95 | 40.00 
413 | 4950 | 737 63 | 19 | 37.95 | 36.90 0.06 
42.13 | 39.52 | —261 64 | 38.54 | 32.62 -0.56 % 
30 41.45 | 32.35 | -9.10| 65 | 21 | 38.54 | 47.64 
32 | 3 | 4145 | 44.56 m 27 37.85 37.58 us 8 
35 | 4 | 41.08 | 41.82 | 0.74) 27 87.85 34.57 on 
4871 | 27 | 37.85 | 35.67 97 
nda 33 | | 3653 | 3133 | | 45 86:30 | 38.86 
— | 10 | 3867 | 3382 | | 45 | 36.90 | 37-64 
| 13 | 42.00 | 41.60 | | 36-30 03 
1s72 | 40 | 35.74 | 33.31 | -243| -237 08 
40 | 18 | | | 6:80 40 | 35:74 | 38.02 | 0.26 10 
| | | | 42 | S495 | | 370] 
— | 84.95 | 3890 | 3.35 | -030 ‘Subt 
with 
— 
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resistant to erosion so long as it remains s 


% the sediment was being swept consistently esse ome moderate and high 


flows, to extend the delta, although deposition and ¢ erosion 
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see footnote 5). 4 Inco: ani 
analysis from 28 ‘rainf tations ter 


*Last of a 40-yr series evaluated by Maj. 
& data on 1, 1931. Using the month-by-month ana 
th corresponding Preceding Fret =. 


rating U. 8. Geological 
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along the This” opinion is confirmed au- 


 thoritative observations and expert findings of later date.* ‘Such d data show 
- only” a . slight tendency toward scouring the river r bed, ranging from 0 to 4% _ 


,_, See “Basic Data, Mississippi River,” Annex H. Ne. 7 798, Cong., Session, 
lates 8, 9, and 10 


0 «1878 | 42 | 34.95 | 36.76 | 
| 44 8366 | | 445] - 
44 | 33:66 | 30.11 | ‘B45 | — 
83 44 | 33.66 39.62 5.96 
| 48 | 8418 | 39.35 5.22 | 
| 48 | 8413 | 3463 | 
88 
0 
— 
wm 
| | 50 | 34.73 | 3234] — 
78 | 32.17 : = | 3473 | 33.73 | 
5 78 | -217 || 35 50 | 34.73 | 35.89 | Fy: ‘a 
—0.30 50 | 34.73 | 3428 | —0. 
34.73 4 —0.55 38 | 50 | 34.73 | 35.43 | 0. 
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for the 20-yr ‘period, 1894 to 1913, an it 
sectional a areas and dimensions shown in Professional Paper No. 18.8 
- more, all available official data, whether published or Seaiaeieks were sum- 
x marized and plotted for successive periods i in Figs. 2 and 3, for six important 


gaging § stations on the lower river. These show not only the meanderings of 
7. —Maxmum Gace AND DIscHARGES 


June 23,1858 
June 26,1858 
| ril 27,1862 
March 20-21, 1882 
March 25, 1884 
March 16-17, 1890 
April 24-25, 
April 1891 
ay 10, 1892 
May 22-23, 1893 
March 20-21, 1897 
April 16, — 
10-11, 1898 
April 24-25, 1898 
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February 12-13, arr 
| March 22, 1909 
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—n marked thus: *—are Vicksburg readings, and the remainder are Memphis readings. ‘Values tem 
in eses are unofficial or estimated quantities. * Additional floodway and valley storage discharge. _ 
salient river and floodway discharge. (= 1 represents the record-period maximum for 40 years or ' "4 +: 


the ating curves, but also’ the near a approach to’ ‘constancy f for conside able 
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the Seaton of ange vending to river in — 
scharge, is offered in Table 7 
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Discharge, in Millions of Cubic Feet per Second 
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Table 7 lists the official, for ‘the: prineipal 
* flood events to date, beginning with the 40-yr (or longer) maxima recorded at — 
Be both Memphis, Tenn., and Vicksburg. This tabulation indicates that an ad- ; 
dition of about 67% to to the peak discharge at these two stations produced corre- 


__ sponding i increases in maximum gage e readings of 15.1 ft and 11.4 ft, respectively. 


For Vicksburg, the rise of flood due to by levees wa 
_ proximately 5 ft, according to data in Fig. 2(d). There is shown likewise some 
— of increased channel capacity during early periods, associated with 5 
ee removal of snags or other obstructions to navigation as well as to stream m flow 
€ and finally, in the 6-yr period, 1931 to 1937, the influence of cutoffs ce 
restored the maxinoum discharge capacity, as proved by the low position of th 
e rating curve No. 14, . Thisi is likewise i ins accordance with the findings ¢ of Brig.- 3 
- Gen. Harley B. | Ferguson,” M. Am, Soe. C. E., during his tour as President of Fight 


ia 


example, th the of 46. 2 feet corresponding toa discharge 


gent of 1,520,000 cfs (Stages and discharge-observations, Lower Valley of the 
Mississippi River; Mississippi River Commission report, 1937) on March 
Toe 30, 1891, was exceeded by + feet or more for equal discharges during the 


Ib ‘Fig. 4 are are depicted the 5-yr, and 10-yr trends of 

acs Marietta, and the Mississippi River Tunoff d depths in inches over the watershed 

at Vicksburg, throughout the 123 years of record, including 1939. pparently 

ee a fair correlation is obtained for 92 years, or 75% of the time on a yearly basis, a 

ay slightly better on the 5-yr basis, and still more uniformly on the 10-yr basis. Bah cs 


Likewise, the graphs of cumulative rainfail and runoff departures have 


i of trends or their close association -and interweaving of lines proves beyond ~ 
% . reasonable challenge that this one rainfall s station is more of an index to Missis-— 
He we sippi River discharge at Vicksburg than would ordinarily be expected. No 
doubt a part of the explanation lies in the fact that Marietta i is near the center 
of the m most productive tributary basin, , contributing ‘nearly 50% of the i 
charge at Vicksburg. The addition of other outstanding station-records as 
they became available, up to a total of 10, was found to improve the correlation in 
some parts of the record; but the addition of widely distributed stations to a total 
oa of 50 seemed to disturb such correlation of the latter part of the record, ‘as if too 
Ee much weight was being accorded the areas of low runoff, such as the Great Plains. 
te) For plotting the rainfall and runoff data to afford the most convenient | com: Be 
“e parison, it was found advisable to utilize a scale for precipitation depths: either ug 


_ four or five times the scale adopted for runoff depths, as shown in Fig. a datum or 


3 “Effects of Mississippi River Cut-Offs,” by Harley B. Ferguson, Civil 1938, 


p. 828, Fig. 24, 
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Water Years, October 1 to September 


Franklin, Pa. 
Avonmore, Pa. _ art 
Fetterman, W. Va. 
Pi , W. Va. 


Connellsville, 
Charleroi, Pa. 
Wheeling, W. Va. 
Parkersburg, W. Va. 
Huntington, W. Va. 
Cincinnati, Ohio 
Louisville, Ky. 5h 
Evansville, Ind. 
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MeConnelsville, 

Kanawha, W. V: 

Hamilton, 
Catawba, 

Lockport, a 

Livermore, 

Mt. Carmel, 


Holston — ea near Rogersville, Tenn. 
Little Ten- 
belowNorrisDam 
| Chattanooga, Tenn. "400 
Florence, Ala. 30,810 400 
Johnsonville, Tenn. | 520} 46,140 


Elk River, Minn, 
St. Paul, Minn. | 

Mississippi | La Crosse, Wis. pie 

Mississippi Le Claire, lowa 

Mississippi Keokuk, Iowa — 

Mississippi Grafton, 

Mississippi Louis, Mo. 

Mississippi Tenn. 

Mississippi | Arkansas City, Ark. % 

Mississippi Natchez, Miss. 


Mississippi* 
Mankato, finn. i 
St. Croix Falls, Wis. 
Chippewa Falls, Wis. 
Wis. 
mo, 
es Moines eosauqua, 


Fort Benton, Mont. 


2 222 
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Little Rock, Ark. 
Greenwood, 
Alexandria, La. 
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030 
| 29,840 | 32, 
| gr |. 39800) 20990 {51-265 | 
— hy 10] Ohio | 68 | 76, (81,000) |{1877100) |(127/900) | 180, 
16 | Ohio 61 | 8, 7 883 1,307 | 2, 5,804 

Kentucky 85 | 12'860| (16,700 | 4,523 
24 | Wabas land 6,051 | 4,264 

511,400 ‘900 66 
— 
39 4 A 
BB 5,600 4.454 | 11,040 3°190 
Sissouri Begnel, Mo. 67 | 157, 5,720 | 10, 7 10, R 
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T SELECTED STaTION THE MississipP1 River Basin 
Derived, or Estimated Quantities) 
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* Gage heights recorded at a neighboring station. = j= 


— 
3,059 2,520 | 1.90 2,311 97-1 | (100.6) 
10,820 860)| 98.6 | (98.6) | (101.3) — 
(7430 | (31.500) | (101.6) 
(47 | (101-8) | (101-9) 
95,110 74:000| 982 
126,000 (98,000)} 97.2 | (99.0 > 
(143.000) | 101.6 | (101.3) | (99.4) — 
11,790 (7.280) | 98.3 (98.9) | (98.9) 
15.080 (11-700) 1015 (load | (102-3 
257 | 100.7 | 1002 | 99.8 
34,762 mol | 1137 (0139) 
67,700 | 1118 | 108d | 1006 
3,663 | 125.9 | (146.0) | (140.7) 
| 132.2 | 1583 | 157.3 
93.900 | 1174 | 1209 | 1209 
516,700 (168,200) 125.0 | (120.0) | (127.8) 
472.000) | 114.1 | (114.9) | (115.3 
(1,160) (1.410) | 131.8 (179.0) | (186.9) 
3154 | | 98.5 | 96.7. 
4,588 | 948 | 984] 074) 
8.487 | 102.9 | 104.9 (105.4) 
6331] 118.4 | 120.1 | (120.1) 
5,702 120.9 123.8 120.8) — 
4,400 | 1249 | 134.0 
(17,158 | 1125 | 1005 1084 
141.0 | 1558 | 1653 
73,165 | 137.3 | 142.0 | 138.9 
(9,600) | 116.9 (121-8) 
| (80,000) } 104.6 | (106.4) | (104.6) 
1,240 | 114.3 | 110.8 | 103.1. 
5 (10,500) | 106.9 | (101.8) | (106.9) 
30,630 | 101.9 | 97.0 | 91.6 
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V. Trend of 5.Year Means for Annual Precipitation at Marietta, Ohio 


—-— A Trend of 5-Year Means for Runoff at Vicksburg, Miss. 
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Table 8 includes some of the most outstanding records of iii aati 33 


* ‘to be found within the Mississippi Basin, either because of length of actual 


of stream flow or of gage heights, or their association with other station-- 
records from which extensions may be made with some assurance of their relia- 
eo oe bility. The mean discharges for various periods of record are expressed wo 

percentages of the 5-yr mean, 1934-1938, which includes. one year of very de 

i ie ficient rainfall and runoff, and one or more years of high floods. __ = 


The discharge i in cubic feet per second for each of the 5 years included in 
ie the latest period there considered, _ the 5-yr mean in cubic feet per | second per £3 
Bs - square mile, and the cubic feet per second quantities up to 30 years are all og 


included, so that comparisons may be made among the 
Like data are available for all of the important stations within the Missis- 
ss sippi Basin (more than 400 in all) dealing with graphic interpretation of hy- 
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total record ‘means. The inequalities encountered in the | lengths of 

a oe _ station records led to the comparison, segment by segment, and to the ex- 

tension of the shorter ones with the aid of neighboring station data. Thereby 
_ the records of the principal tributaries as well as the main river stations have 


Bis been extended somewhat beyond the periods of previous evaluation, but ¢ gen 
erally not far beyond the period for which either gage readings or actual dis- — 
charge determinations were available, inthe vicinity. 
eee If the methods used in making these compilations are acceptable to the — ok 
zs Me profession, or if such modifications are suggested a: as will make the results more 


<i nearly what is required, then a foundation will be available on which to as- 


compare, and 1 interpret the land use information. 


are the office of the chief of engineers ond also 
the Mississippi River Commission for data supplied either in published or un- 

published | form, w ith permission to use such information; the chief of 
-Gen. Schley, M. . Am. Soe. | C.E E., , for his review of the basic 
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- Am. Soe. C. E., Engineers’ Reserve, for the use of his 40-yr discharge deter- 
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Discussion 

: cat butions to Mississippi River hydrology were made chiefly by the Army en- 

re E s _ gineers, the Navy made its contribution even before the classic work of Hum- 

phreys and Acting under instructions from the | Secretary of the Navy, 

Lae discharge of the Mississippi River at Memphis from 1 April to July, 1849, and 

Ee from March, 1850, to February, 1851. He made measurements by means of = 

oh & - floats, and deduced the mean ‘velocity from surface observations by means of he 

ree. floats sunk to various depths. . The reduction factor was slightly more ind : 
ae 2 10%. He also obtained daily gage heights, and from these gage heights and 


a the results of the discharge measurements he computed the daily discharge for 
; % the period covered. A description of this work was presented by the Wash- 
ington Astronomical and Meteorological Observatory = = = 
The author refers to the earnest approaches made by: the early. contributors 
; Bh to Mississippi River hydrology toward the more rigorous standards developed 
during recent years. In that connection it may be noted that Humphreys — 
: and Abbot’s study of the vertical-velocity curves obtained during their investi- phe 
. gations indicated that the velocity at different depths varied as the abscissas 
of the parabola which had its t-axis parallel | to and below the water surface. amet hi - 
However, they did not pursue further the study « of the properties of the | para- 
bolic curve. That was reserved for a British engineer, Maj. Allen 
% who, during the 1870’ 8, made 565 sets of of vertical-velocity curves on the Ganges Ass 


Canal i in India. He con cluded that, by considering the vertical-velocity ¢ curve 


5 4 (velocity at 0.211-depth + velocity at 0.789-depth)." These are aol 
the 0.2-depth and the 0.8-depth. It was not until 1906, however, when H. K. 
_ Barrows, M. Am. Soc. C. E., then a member of the U. 8. Geological Survey, mi, 
e. made a study of vertical-velocity curves and found that their form was that _ 
ofa parabola, the mean ordinate of which was closely t the average of the ordi- — 


_ nates at the 0. 2-depth and the 0. 8-depth, that the procedure of measuring the 


= 
R. Ww. M. ‘Am. Soc. E—The in the 
ly records of the Mississippi River constitutes a valuable service in f urnishing ws 


a “panoramic view” of the flow of this dominant waterway for a period of con- 


ec The long-time compilations of runoff presented in the paper are subject to 3g 


(= Use in a variety of ways, not only for fixing the mean runoff over a long period — 


19 Dist. Engr., U. 8. Geological Survey, Denver,Colon = = 
on the River at Memphis, March 1850 to “March | 1861,’ “by Robert 
_ Marr, Washington Astronomical and Meteorological Observatory, Vol.3. j= | mat 
; “Recent Hydraulic Experiments,” ” by Allen Cunningham, Proceedings, Inst. C. E., Vol. ne 
_ %Hydr. on, De. in Chg, Div. of Water Utilization, Dept. of the Interior, U. 8. Geological Survey, 
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of years but for of trends, and ratistion: in 
correlation with other factors. . The author has included ¢ comparisons of devi 
“Goene of runoff with those of rainfall. ‘He also has in mind that the data may 


form a foundation on which to sompare,, and interpret land-use 


2 It is particularly desirable in aah uses of runoff data that the relative a 


aR Dareseagel of the data be known so that one may consider the extent, if any, to : 


as the pair 
indicates, to suggest modifications that will make the results more nearly what Ss 
is required for such uses. . Iti is also very essential to know the inherent limi, 
“a eae tations of the results so that they may not be e applied unwisely. 4s — If the data are ian 
 ——- satisfactorily free of such errors, the further question should be considered as to 
__ whether the significance of the factor investigated, such as land use, may be 
masked by other factors, particularly those of climatic variation, 
The writer has been greatly impressed with the tremendous quantity of data < 
concerning the history and behavior of the Mississippi River and feels quite Jae 
humble i in discussing a subject of which his knowledge encompasses compara- se 
- __ tively little. The points raised herein are not intended to be in the way 7. 2 
“criticisms, but more. in t the e way of f questions on wl which it is hoped 1 the author ‘may 
the longest record developed i is that of the Mississippi River at Natches 


years pees y be learned a perusal of Paper No.1 which 
i - results for 33 out of the 42 years from 1818 to 1860. These records apparently — ek 
were based on stages prior ‘to 1848 solely at Natchez » and § subsequently mostly at ren 
Carrollton and Donaldsonville, La. There seems to be wo little information 
appraising the accuracy of the basic stage records. . awore $ 


stages. The in n the of the for a 
= day would tend to be compensative in computing the discharge for the ¢ 
~year. The mean annual discharge was determined essentially by application of 
7. the twelve mean monthly stages of the year to the rating table, adding the a 
results, and dividing by twelve, 
ane ‘The discharge determinations consisted of velocity 1 measurements made by e: 


= 


# 


_ means of timing double floats, the most common form being a surface float of — 
on cork to which was attached a paint keg, the depth of submergence of which was 4 i 
: fixed by a cord attached tot the cork, The kegs were. passed at all depths from 
the bottom to the top, but a uniform « depth of 5 ft seems to have been s adopted = 


ha % “Report on the Physics and Hydraulics of the Mississippi River,” " by A. A. . Humphreys and Henry ij 
Professional Paper No. 18, of Engrs., U. 8. Army, 1876. 
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measurements in January and February, 1808, at Natchez, and for 
the remainder of the year it was determined at Vicksburg and transferred to 
|= |}|. Natchez. In developing the relation a mean curve was apparently drawn ff 
— 
— 
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é for general use. The mean. velocities of the floats were determined for divisions 
- 200 ft in width, and the products of the mean surface velocity and the areas of a 
the cross sections for such divisions were computed and added for the entire we 
ross section to give the 1e ‘approximate ¢ discharge.” — Soundings were made in the 
< vicinity of Natchez in January and in the vicinity of Vicksburg i in 1 February, 
a: September, and December during 1858, which apparently gave the basis for the Be : 
areas of cross sections to be used in the discharge computations. 
Sie The “approximate discharge” was corrected by a ratio designed to o adjust — 
= the float velocity to the mean velocity in the section and also to take account sat 
of the prevalent condition of the wind. Similarly, the discharges at Carrollton a - 
iz and Donaldsonville were computed | from measurements made in 1851 and 1852. 
This early river measurement technique, briefly summarized herein but 
- described fully in Professional Paper No. 18," was unquestionably the best — ae, 
ie by the knowledge and f facilities of the time and was ¢ conducted with 
supreme care. It may be compared with that used at the present time by the 
Survey for the gaging station at Vicksburg” 
Fe _ “Discharge Measurements. —Discharge measurements are made from 
_ the downstream side of the highway section of the bridge. The highway — 
section is on the upstream side of the bridge, and the railway section on 
the downstream side. The metering equipment is lowered through an 
- opening between the floors of the highway and railway. The equipment — 
a _ is operated by means of a reel and boom mounted on a low-wheeled truck — 
ie frame. The truck frame also carries a four-cylinder automobile engine 
_ which supplies power for operating the metering equipment and moving the © 
_ truck from point to point along the bridge. Depth of water and position — 
; JZ meter are shown by a depth indicator attached to the reel. During 
medium and high stages the depth of water and velocity are such that the - 
ms metering equipment is carried downstream and the indicated depth is too 
i large. Conversion to true depth is effected by use of two correction tables, 
one of which gives the correction to slant length of supporting line above 
_ water surface, and the other gives the correction to curved length of line - 
below water surface. The use of each table requires a measurement of the — 
vertical angle in the supporting line above the water surface, and this 
- measurement is accomplished by use of a prottactor applied to the line 
just below the bridge floor. The corrections to indicated depth are 
lessened by the use of large sounding weights. The sounding 


| used at the station is’300 pounds. 


of Discharge —Daily determined by shifting- 
control method. Changes in stage-discharge relation determined by 


From the establishment of the Vicksburg gaging station in | 1930 to th the end * 
of the water year 1941, 1,524 discharge measurements have been made at this ree 


P "station, generally two to three days apart, to record the vagaries of the flow dt ‘ 
. the river. . Fig. 5 illustrates the plotting of discharge measurements it in 1938 i in ¥ ; 


period may been. However, the plotted points suggest the complications 


Water-Supply Peary No. 747, U. 8. Geological Survey, Washington, D. C., 1933, 16. 
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ed if the Geverminavion Ol the stage-discharge Teiation application 
‘ 


the atage are made for discharge and 
ne cross sections thus determined indicate considerable variation during short 
periods. © Comparisons of areas of cross sections for ‘gage heights of 28 to 30 a: : 

- from soundings from 1933 to 1939 indicate an increase in area of about 10%. . 
Bie This increase may have been associated with the effects of cutoffs below 
oe Vicksburg. However, it t illustrates a another changing aspect of the behavior of 


XPLANATION 
Discharge Measurement. 
st 
The Number is the Serial vies 
the Measurement. 


The Lines Connect Measurements 
Which Are Made at Intervals of 2-3 Days. 


The Arrows on the Connecting Lines Indicate the 
Order of Succession of the Measurements. 


hey Diechange i in Thousands of Cubic Feet per Second 


Fie. 5.—Discuarce MeasurEMENTS, Mississipr1 River at Vicxspura, Miss., 1938, 


a The application of the stage-discharge relation as determined for Natchez in a 
a, ee involves questions of reliability of stage ‘records, the | accuracy of the 
es -compensative adjustment by use of @ mean curve drawn through rising and 
ae 4 rr falling branches of the plotted measurements, , uncertainty as to cross-sectional 

ee areas applicable at the time of a measurement, and other matters pertinent toa 
ae pioneer technique. Much more serious than these questions, however, are 

those to the application of the 1858 358 stage-discharge relation preceding 


gor 
etermining observations were made as far back as 
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changes in the Mississippi River below V and N atches between dl 
and 1861 and also, apparently, i in the construction of levees. 


section mn of the river. ‘may not have been: on te Vid operative in the 

period 1817 to 1858 than in the later period. 

a 2c The critical feature i in respect to the use of the earlier records i is the cloud 0 


respects accuracy be. 


ke tin mind. 
CHARLES SENouR, M. Am. —A well-deserved tribute i is | paid, 


in this interesting paper, to the early inal of Mississippi River phenomena, 


station was prepared and the equation for converting velocity at 
oft depth to mean velocity. From these measurements they developed a 
-stage-discharge relationship curve, and, “utilizing this in ‘conjunction with 
upplemented the Humphreys and Abbot data with later observed or derived — > me a 
lata and, in Tables 5 and 6, has extended Table 1 to HN anstaroly mienk 
esd compare actual measured discharges with those indicated by the stage- 


_ Stations | between that point and ( Old River from 1851 to date, in in . terms s of the ve 
gage used by Humphreys and Abbot. . Fig. 6 ‘shows the zone of extreme 
variations of those plottings, as compared with the rating curve. The dis- 
- charges were found to fit the curve ) very well exgept for the ; stages below 15 ft. : 
—~Of course, there is a fairly wide spread (about 140,000 cu ft per sec in the upper ie 
portion of the field) between rising stage and falling stage discharge for the 
a same gage height, « so that the mean curve, & as a tule, would n not give the e true 
3 discharge for any particular date except (perhaps) at the crest of a rise; but 


in using it ¢o develop an annual mean or total discharge such discrepancies _ 


‘The Improvement of the Lower Mississippi River for Flood Control and Navigation,” prepared by 
_ D.O. Elliott, under the direction of T. H. Jackson, U. 8S. Waterways Experiment Station, Vicks urg, Miss. a 
III, May 1, 1932, Plates VI(f), VI(g), VI(h), and XXXII. 
Head Engr., Mississippi River Commission, Vicksburg, 


id 1818. Illustrations in “The Improvement of the Lower Mississippi Riverfor 
— 
haan defined have varied within limite annroximatine _Tt je annarantl 
 . 
——— 
ap in his supposition that modifications may be suggested that will make the = a 
results more nearly what is required for the analysis of land-use information. 
is notable that the Mississippi River Commission has not included such 
De earlier records in its compilations of past records—for what reason the writeris _ 
— 
Whose painstaking care and understanding wWenu lar voWard COompensaung 1or 
Pp g Pp 
< | __ Table 1 records annual discharges of the Mississippi River at Natchez for i. 
most of the period 1818 to 1859, as obtained from Professional Paper No. 13. 
Captain Humphreys and Lieutenant Abbot measured discharges at Natchez in 
; — 
— 
— 
— 
— 
— 
— 
— 
— 
in 
— 
— 
4 — 


= 
to compensate. At ‘this ~partioular station, “the stage-discharge 
4 tea relationship appears to have been rather constant for the years in which oo 
discharge was measured. Measurements have been far from continuous, how- 
ever. The range has never been considered a highly desirable one, because of 


s very deep water and large boils which give rise to questions regarding the >a 


70 


| 
; 
10 


6.—Discuarcs Mississrrrt River, at Natcuez, Miss. 


accuracy of both ‘Since 1884 ‘mesure 
ment of either high water or low water has been made practically every year ‘ 
at both Vicksburg, Miss., and Arkansas City, Ark., , and since 1927 the baat Ke 
tions have covered a much longer period of each year. «At Red River Landing 4 fa 
the same process has been in use since 1881. At Natchez, however, following — 
those of Humphreys and Abbot, no measurements were made until 1890-1892. a 
i Again there was a hiatus until 1927 and another between 1927 and 1934. In s 
1911-12-13 measurements were at Point Breeze, about 57 miles below Natchez. —_ 
In 1928 a range was established at Tarbert Landing, just above Old River, e. 
| measurements have been made there annually since that date. Since - 
x 1934, annual measurements have also been made at Natchez. © What changes _ 
the stage-discharge relationship may undergone during long 4 
"periods f for which there are no-data, and what that relationship m may have been 
between 1818 and the Humphreys and Abbot measurements, are not known. 
: a It is known, however that there were major adjustments in the form of Shreves ie & 
Cutoff and Raccourci Cutoff i in 1831 and 1848, respectively. 


_ Constancy of stage-discharge relationship i is by ‘no means the ‘on the 

Si lower river. The gradual growth of the levee system to a stature that really i ? 
permitted confinement of flood flows to the channel, the gradual lengthening — i) 


. 4 river armnins , and their subsequent elimination from time to time by eutol, 
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al or r planned, together with numerous of regimen, all 
_ have combined to produce a changing rather than a fixed relationship, At 


some st stations (Arkansas s City and Vicksburg, for example) the changes have ie cS 


_ been very pronounced, as is evidenced by the rating curves for various years _ 

4 | gubmitted by Mr. Jarvis. Records of actual measurements show that at. ay 
Vicksburg the stage required to pass a rising stage discharge of 1,000,000 cu ft 
ae per sec was about 40 ft in 1890, 38 ft in 1896, 40 ft in 1898, 37 ft in 1906, 40 ft — 
Ee} in 1916, 42 ft in 1928, and 31 ft in 1940, -Bankfull stage is 42 ft. The i incre- 


ve. Deductio 
cases. During periods of Vicksburg observations the results at ‘that 
point could be translated to Natchez, probably without very serious discrep- 2 
ancy, but this device is not available for the period anterior to. Humphreys ee 
and Abbot. This is not intended as a condemnation of the methods employed — a 
the author, who has used the data very i ingeniously, indeed. -Parenthetically 
it might be. observed that. at ‘Vicksburg the 1937 rating ct curve | presented by : 


‘On the Mississippi River, the of of 
"monthly mean stages should yield fairly accurate figures, provided the rating © 
curve reflects the true relationship between discharge a and stage and provided — 
no flow by-passes the station by reason of diversions through levee breaks. 

_ In extreme floods of earlier years there were numerous crevasses in the levees, 
and outflow: ‘through those i in the west bank levees below the Arkansas ‘River 


would not reenter the Mississippi ‘above Natchez. The method of monthly 


1936, using the appropriate rating curve in each case. . Compared with the 
Fesults obtained by adding together the daily discharges as a actually 


‘fine 

49 

In Table 3 Mr. Jarvis presents maximum stage and discharge at 

prior to. 1847 were apparently deduced on the Natchez gage. 
: The relationship between gages on the lower Mississippi i is not constant and - i 


‘ge 
ich 
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“ag 
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vis hes abou cu ft per sec to the leit of that developed by 
>. 
— 
A 
— 
A 
a 
— 
= 


¥ 


| 


SE 
"pamphlets any ‘stages other than gage readings or water marks connected 
cc, E to the gage by levels. Incidentally, crest stages at Carrollton as established by be 
es ‘ high-water marks and published by the Mississippi River Commission for the | 
_ years 1832, 1840, and 1844 do not agree with those reported in Table 3. The 
discharges reported in Table 3° were taken from a Carrollton rating curve 
Bad developed from discharge measurements at Red River Landing (just below 


Old River) in 1851 and at New Orleans Fig. 7 shows this 


at; Car 


ee 


nF 


Height i 


= Gage 


at 


= 


he Discharge, in Millions of Cubic Feet per Second 


a Some clarification of the data presented in ‘Table 7 og be desirable. — 


4 should read (with reference to zero of Pooccad gage) 34. 16 ft instead of 35. 3 ft. 
ig The stages tabulated for Vicksburg from 1858 to 1931 relate to the U. 8. 
end Engineer gage, whereas those : subsequent to 1931 apparently 1 relate to the U. S. 
Weather Bureau bridge gage and are from 0.6 to 2.3 ft lower than the corre- 
pe 4 ‘sponding readings on the Engineer gage. Many of the discharges tabulated a 
aie are unofficial or estimated quantities. Presumably they are estimated con- — 
¥ fined flows and so, in the cases of floods not completely confined, do not vad 


spond to the observed gage heights opposite. 


— 
about which the writer had plotted all avai = t 
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given for Vicksburg, ‘wheréaa these floods were fully confined at that point eid 
measured confined - discharges are available. The discharge given for 1922 ; 
was measured after a crevasse had developed 93 miles below Vicksburg and 
two days after the crest had passed, and was probably influenced by the 4 
_— erevasse. The Vicksburg | discharge given for 1927 (namely, 2,495,000 cu ft a 
per sec) appears to be made up of the estimated confined inflow at Arkansas 
City plus the flow of the Yazoo River, The estimated ‘confined flow at Vicks- 
burg? i is s 2, 278,000 eu ft per sec. The actual measured pi peak flow was 1, 806,000 
eu ft per sec on May 1, 1927, at a stage of 57.2 ft. ‘ The maximum raat was — 
? i The value (2,020,000 cu ft per sec) is the actual measured confined discharge 
past Memphis in 1937. It is not believed necessary to add the extra 500, 000 
‘The data Benronse re in Table 7 should be used w ith caution. in The peak : 


flows of the older great Boots were seriously affected by crevasses both above z 


ote confined flow, and it i is s extremely difficult in many Tone to arrive at a satis- 
= In conclusion it might be well to comment on the reference to the blue clay f 
in which the early and many later” observers fancied | the ‘Tiver bed to lie. % 
Borings disclose that the bed is in sands and gravels. The clays generally ae 
exist in old abandoned channels of the river and in old marshes and appear to 


be the results of Gepost, of of fines from th the Tiver, itself, Bad hits 


Joun ©. Horr,” M. AM. Soc. C. —The pioneer work j in the collection 
w river flow by Humphreys and Abbot? and others on the Mississippi River _ 
ndicated a fair recognition of the fundamental principles of the subject. The ee Ss 
_ principles then recognized have stood the tests of later studies of the subject, te Ss 
_ and they have been the basis for the further development of the science * ae 
Ph Jarvis’ paper brings together the results of much of the early work on i "3 


and (3) the permanency of conditions along the streams which regulate the fow. 
Although the methods of measurement are the 


modified aiid improved so that the accuracy in recent been 
"increased; for. example, improvement in ‘sounding | equipment has added ma- 

terially to the accuracy of records. Whereas some streams have fairly 


4 and ‘shift their channels to such an extent that measurements of discharge or 


“Basi Date, * Annex No. 5, H.R. Doc, No. 798, 71st Cong., 3d Session, 1931, 
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; comparison and study. The comparison of records of river discharge taken at 
i _ different times depends on three main factors: (1) The methods used in their ee _ 
— 
— 
3 — 


In comparing of different dates collected along the Missiesippl River, 

es the effect of the changes in conditions which affect the flow must be kept in | 
mind, and there will always be an element of uncertainty which requires cau. 
tion i in their use. Although these comparisons may give a general idea of the 


. a conditions, they will always be open to question and should be used with great 


Ggorce O. Guesmer,?* Assoc. M. Am. Soc. C. E.—The source and accu- 
re racy of original data which are the basis for a study of any 8| subject determine the ‘ 
value of the conclusions reached. Mr. Jarvis’ "diligence in digging out” 
on - information buried for years in the records of various offices in the Mississippi 
_ The writer had an opportunity to observe Mr. Jarvis gathering information — 
= used in the preparation of this paper. The comprehensiveness of his research ne 
- was evident not only from the continuous testing and correlation of each new 
“lead” but also from the new derivations ms made in the light | of basic data 
assembled in the ‘course of related studies and research ‘projects. Every a 
effort was made to be certain that each item was thoroughly ARTI and sale 
worthy of consideration. Thus, the paper is based on information carefully 
weighed by | the author during selection at the original source. - pubis: % 


an T. Cory,” M. Au. Soc. C. E.—It is most unfortunate that a wholly 

? £35. unjustifiable adoration of the Golden Calf Precision has blinded so surprisingly 

eo many to the solid substantiality of what early investigators and. constructors 

a did and knew. That Mr. Jarvis should have realized the Humphrey and Ba 
_ Abbott early Mississippi records merited thoroughgoing examination by modern a 

critical methods and ‘should have discovered that the endeavor was very much 


= lod Sometimes the rejection of old- time ‘ ‘crudely « observed” data approaches 
as tragic. An example coming within the writer’s personal experience is a casein 
rel point. In 1912 he had occasion to meet an old gentleman then 94 years old, 
who had a remarkably keen memory, supplemented by scattered | notes pre- 
a served in old notebooks, which were not diaries in any sense. atenonomaal 
= __ Among the many impressive and stirring events discussed, the most striking 
: was his being taken, when a youth, by an uncle on a trip to Cincinnati, Ohio. 
; ‘At this time there must have been a notable drought for he vividly 1 recalled r 
having seen the steamboats resting crosswise on the | Ohio River bed with the 
, only water in the river running under and not touching the boat bottom. _ 
The writer naturally grilled the old gentleman thoroughly, and was co 
ye he had « described exactly what he had seen at Cincinnati on that trip. 
ie Absurd as it may seem to those who have not, more than once, been dumb- # 
founded by the ‘ ‘ineredibility”’ of high a and of low extremes of stream discharge 
ie.) 2 and yet lived to see such extremes reached if not exceeded, the writer is con- 
Bas vinced that about 1835 the discharge of the Ohio River at Cincinnati fell to, 
Ag he piven speaking, zero. Several times the incident has been brought to the 
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‘attention of the federal water resources officials dine the thirty years since 
but apparently to. no purpose. Such “stream gaging” is certainly way 


a “Hate all, there i is no doubt that the best way to bring proper atte ; es: 


‘papers % 


“The resent aper ma be taken as a model. 


8. Jarvis, M. Am. Soc. C. E.—Mr. Davenport has contributed an 
tira thought-provoking discussion, which discloses specifically why the 
9 most earnest attempts at evaluation and interpretation of early discharge — 
records are | under such a handicap, in the judgment of those best equipped to 
the project forward | or to encourage and guide other investigators. 
4 Against all the implications that such a task cannot be accomplished with even 3 


fair degree of reliability, only one answer is ventured: SV 
Every independent, unbiased, logical approach toward the evaluation 
and coordination of those early records pays a tangible dividend, either a 
establishing, confirming, or revising usable estimates and approximations. 
We are surely nearer to the truth now than we were before any sustained © 
9 attempts were made at evaluation. Further investigations and ore 
are invited. Thus far, many confirmations hs have -Tesulted | from various 


Acting i in conformity with basic legislative and administrative authority, 


Humphreys and Abbot collected available pertinent information concerning 


flood heights, crevasses, levee construction, and dimensions on | the ‘Mississippi 
River “and well authenticated changes i in the banks of ther river, etc. ** 
each set of cross-sections, the velocity of the current was measured—in some 

i instances, with great elaboration. ” In view of such items of record, exception 

Ss must be taken to the ‘concept « expressed by Mr. ‘Davenport, implying rr 
, practically the sole authority for discharge and cross-sectional data, as well — 2 
a8 for the rating curve for the early years of record, was the 1858 series of ‘3 
"discharge and gage readings at Vicksburg, Miss. Natchez, Miss. As 
a opposed to such a theory, note the comparison of methods used for float 

- Measurements in 1851 and 1858 and, also, the unsatisfactory tests of Saxton’ Be 


current meter.* Some of the following references prove that fragmentary 


+ 


data were collected prior to 1850 (some as early : as 1838), and that the results 
available for incorporation in the final report. 
aw Among the many references that establish the broad scope of investigations 


included in the Humphreys and Abbot report, the following have been selected :# al 

“The corresponding velocity, taken from a table constructed for the Vesa 
| - purpose, was considered to be the mean velocity of the division—absolute _ 


j me or the observations of 1851, and relative for those of 1858. For the shore 


With Office, Chf. of Engrs., Washington, D.C. 


-_ “Report on the Physics and Hydraulics of the Mississippi River,” by A. A. Humphreys and Hen: 
Abbot, Professional Paper No. 13, Corps of Engrs., U. 8. Army, 1876, Bx aq 


. rt on the Physics and Hydraulics of the Missiesipgl River,” by A. A. Humphreys ent Henry 


Abbot, Professional | Paper No. 13, Corpe of of Engrs., U U. 8. 
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oughly measured in these divisions [200 ft apart ].” 

Also in this report, included in George G. Meade’ letter, Sis a a brief descrip- 


of his extensive obeervetions relating to ‘current velocities, directions, 
_—— Nertioal distributions in and around the delta channels during the year 1838; ays 
there is a reference® to the 90-ft cord used for connecting the surface float 
with the s submerged float. The location®” of the maximum velocity i in a depth 
ae of 100 ft i is given as 30 ft fi from the surface—a fs fair approach to what is acceptable ee 


» 


oe ____ Furthermore, there are numerous references to records and seni 
aaa by Lt. Robert A. Marr, U.S. Navy, Prof. C. G. Forshey, M. Am. Soc, ik 

oe _E., and Charles Ellet, Jr., during years earlier than 1850 (for example, ea 

= Lieutenant Marr’ rs! record of daily rainfall, gage heights, temperature, and rive 
discharge at Memphis, Tenn., together with weekly evaporation, April 1 to 


July 15, 1848,** river data, “March 1, 1850, to March 1, 1851, and related ; 
; ——— sigsippi River from February, 1851, to February, 1852, and from December, | 
i to December, 1858, Humphreys and Abbot declared, “Besides these 


continuous series, many measurements of width, depth, area of cross-section, 
discharge, etc., were made both upon the Mississippi and upon its tributaries 


toto 


= 


= & 


oo 


a bayous from the Ohio to the Gulf.” It seems reasonable to assume that 


al such data underlay the discharge determinations for the 33 years listed in _ 
‘Table’ 1. _ These values are of acceptable q quality, as 3 proved repeatedly by 
though the scope of the statement concerning other measurements 
a outside the continuous series may mainly to the o one decade covering the 


evalu: annel, 
Biss from Columbus, Ky., to Carrollton (New Orleans), La.,“ unmistakably indicate : . 

ee the avidity with which the authors incorporated basic data and extended their — ea 
use within ‘practicable limits. Unquestionably, some of those segments 
gage-height hydrographs for the Natchez, Vicksburg, and New Carthage, Miss., 
tat stations {the latter lying between the first two),* for 33 years, ‘1818, to 1860, 
hy — were associated with series of discharge determinations, by means : of floats; 
either natural—driftwood and uprooted trees—or artificial—w eighted rods 
—_ multiple floats—as noted in various pages of the text. Otherwise, the separate 


on the Physics and Hydraulics of the Mississippi River,”’ by A. A. and Henry 
og Abbot, Professional Paper No. 13, Corps of Engrs., U. 8. Army, 1876, p. 507. 


Plates V, VI, and Vi. 


mean velocity was assumed to be eight-tenths of that at the outer edge, 
7 
— 
— 
a 
'¢ 
— 
meh 
— 
| 
a 
— 
— 


depinded on more re than: 100 separate | gagings, of which 21 were 
dated on the chart. There can be no reasonable doubt that the earlier frag- 
mentary or detached data were incorporated in some ‘manner to make the aH : 
rating curves more nearly representative of ‘conditions during earlier y years. 
- Otherwise, it would be difficult to account for the close agreement in the last . ¥ Ss 


R 617,000 cu ft per sec, & difference less than 0. 5%, even though the means for 
the last 10 years of the same tabulation differed by nearly 2.0%. It would be od 
gratifying, | indeed, if one could be assured that stream-discharge determinations G 
under the most up-to- date, standard practice could stay within : such close — 
limits, or that the separate records of earlier ‘periods were within limits five 
a ads Fig. 5 is of unusual interest because it follows the general form of patterns 
set in earlier | years by the Mississippi River gagings at Natehez, Vicksburg, — 
_ and Warrenton, Miss., beginning i in 1858; at Columbus, in 1857; and at Car-— 
roliton, as early as 1851. - For the last-named station, well- defined segments — 
of rating , curves are available for tw enty-one separate years or g groups of years. 
_ between 1851 and 1929, They all lie within the limits of those curves selected © 
_ for inclusion in Fig. 3 for Carrollton and are numbered chronologically from — 
the earliest to curve 6, ‘the rating curve for- 1929. ad With few exceptions, the 
successive patterns at all gaging stations on the Lower Mississippi River show 
ff os iations of more nearly + 5% as against + 10% in the positions of rating ob 
curves near El. 34 (Fig. 5). _ The most outstanding exceptions are 
by ‘the records of river gagings at ‘Columbus, for the years 1857-1858, and 
:1881- -1882, showing somewhat greater variations than + 10%. This pro- 
nounced variability persists in diminishing degree at the same station to 
“include the year 1937, according to the writer’s interpretation n of official ¢ data, 
_ published mainly by the Mississippi River Commission. This analysis seems 
“to provide a tentative answer to the query, for which Mr. Davenport admitted | Ps 
he had none, as : to how nearly typical was the variation in plotted | gagings for 
_ the year 1938 at Vicksburg. Fig. 5 typifies the shifting of rating curves for 
more erratic periods, but not for the maximum variability. 
2 Rece t official records for the ‘Lower Mississippi River stations disclose 
consistent relationships ; generally, but occasional departures of 5% or more for ye: 
 gagings by different agencies the ome: the river bow 


rf material o or other debris encountered i in » all such 1 rivers, but never in n the standard = 
is a. With all the deren now applied t to the measurements of depths at ae 
intervals section, what uncertainties still persist because the 


ae 


— 
> 
. 2 vo columns of Table 1. showing 33-vr means of 614.000 cu ft per sec and i 
— . 
— 
ae — 
— 
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Would it seem inconsistent to ascribe some portion, possibly 
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he purpose, of: determining velocity of Gow: actually representative of the 
: . thousands or tens of thousands of such elementary areas within the cross — 


oe In view of such unsolved problems as well as the shifting © of ¢ currents and 

ad ike 4 bars within a cross section and in view r of the pulsations of waves or unpre- 
> 


cS me -dictable movements of eddies in the course of turbulent flow (with all ole 
uncertainties inherent in stream gaging on deep alluvium even where the best 
= ft practical standards prevail), it seems noteworthy that such consistent relation-_ q = 
ships have been developed and maintained between river stage and discharge. 

less amazing are the results achieved normally in connection with the 
early gagings of the Mississippi River ‘system without the he conveniences afforded 


by fixed bridges (being dependent ur upon floating equipment and shore 
Es et tions or observations, as well as extra labor and ingenuity) to accomplish the _ 
‘difficult assignments under pioneer conditions. Surely, some 
must have accrued from the direct ‘measurements of s tream velocities by 
a aoe weighted rods, multiple floats, or uprooted trees. ‘This procedure integrated 
averaged the movement within much Ia: larger samples of cross- ~sectional area, 
and furthermore avoided the inherent approximations of rating tables for a 
_ current meters and the recognized uncertainties involved in their practical use. \ 
There is some reassurance in the observation that velocities are determined 
oh = the use of floats to this day, when circumstances warrant, either for flood oa 
 erest or for routine gagings; and results are duly published sles with those ae 
ae obtained by the use of current meters, with symbols to indicate whether one 
or two meters, double floats, rods, or surface floats were employed. Many ig 


urfac 


- eurrent-meter gagings have had the advantage of float measurements to test 
action of the meter vanes, even though these were not neces-. 
Mr. Follansbee has contributed some very interesting “historical notes 
to the development of the art and science of stream gaging. 

Mr. Hoyt has written his i impressions, based on a much broader ' experience & 


= comes to most. With deep gratitude the writer acknowledges the en- 
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couragement accorded by Mr. Hoyt, particularly in the projects for evaluation et ag 
and comparison of flood data pertaining to > foreign r rivers, such as the Nile, as ae ei hy 
well as to American rivers, especially those with the longer records. 


Mr. Senour has contributed a number of important items that would 
ih difficult to obtain outside the central office of the Mississippi River Commission. — hae 

‘Fig. 6 provides an authoritative answer to many queries that have been directed 

toward the writer, as to the stability of stage-discharge relationships at the ¥ 

a lower stations. Because the 4,900 sq miles of intervening drainage area eg 

a we between Vicksburg an and Mathes ‘Tepresent only 0.43% of the total, although 


— 
heavy sounding weight settles into the mud or silt of the stream bed or because 
— 
— 
3 
a 
: 

a 
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added rating curve, as described 1 by Mr, Se 
Vicksburg. For 1941 th 


to the U. 8. Geological Survey, measuring the i increase ‘of channel 


uu The three crest stages for Carrollton for the years 1832, 1840, and 1844, te 


oe eted data i in Table 3 from Professional Paper No. 13.8 If the several curves 


_ of Fig. 3 pertaining to Carrollton gagings are plotted or superimposed on Fig. 7, 
these rating curves will be found to cover approximately one half of the shaded eS 


. realized how nearly the extreme variations recorded in Fig. 5 equal those in 
“Figs. 6 and 7 (the latter two ) covering 90 ) years instead of the e single year 1938), fs 


OE 
= the factors of the personal eq equation of operators and the practical limitations as 


on the accuracy of current mister gagings seem to demand consideration. 


increasing of flood water associated with and 
aggravated soil wastage, including both the confined channel flow and the _ . 


well-defined storage | or lateral floodway capacities then in use. Exa nas ae 
this were reported i in 1929 by C. W. Kutz, M. Boo. C. “4 as 


“Thus Mississippi: River met the first of 1997. 
en Cairo was the only dry city in the Ohio basin. The New Madrid floodway 
2 functioned essentially as planned, and protected not only Cairo but the | 
entire St. Francis basin from a flood that most certainly would have over- 
topped the levees as they stood in 1927. At the crest, about 2,000,000 cu ft — 
. per see passed: Cairo, and about 500, ,000 cu ft per sec was earried in the 


writer’ 8 concept was that the same 500,000 cu ft be. 
th regarded as in temporary storage or detention between Cairo and Memphis, — 


Tenn. an The plan sponsored by the Chief of Engineers to “provide for a flood 
which without reservoir control would reach 2 600, 000 cubic feet per second in 


edge anda thorough u un nderstanding of the data oa the 1937 flood rise, the 


; rt on the Physics and Hydraulics of the Mississippi River,” by A. A A. Humphreys and Beary Bede 
Paper No. 18, Corps of Engrs., U. 8. Army, 1876, P. 443, 

«The Work of the Mississippi River Commission,” by C. W. Kutz, ‘Transactions, Am. Boe, C. Zz, 
we Pee Mississippi Meets the 1937 Flood, ” by George R. Clemens, Civil Engineering, June, 1937, 
stom isgeste al areata ob aed Jedwormay bisiy ee 

“ Peg et Flood-Control Plan for Ohio and Lower Mississippi a3 Committee Document ne 
ttee on Cental, 75th [st Session, ril 7, 6 paragraph 20. 


mour, to the right of curve 6for- 
Fare. 
— 
— 
— 
— 
— 
y 
woe — 
— 
2,350,000 cu ft per sec near Old River, La. At the same time, General Kutz 
(then Colonel) dealt with possible or probable maximum floods at Cairo, 
ranging from 2,250,000 cu ft per sec to 2,400,000 cu ft per sec. to 
— 
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— 
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ve: 


_——- defense of the Cairo levees, the relief afforded byt the access to 
the New Madrid floodway, and the potentialities of future floods. “yuidadol £1 
_ Another reference which seems to support the concept of total discharge ie 
from both confined channel and floodway or lateral storage i is to be found in a 
an article by Maj. Raymond G. Moses :*7 7“ At the crest, of course, the Arkansas- 
oe White backwater area was still taking water but the flows from those two 4 
= _ streams were sufficient to increase the flow in the main river to about 2, 4 ,000 


at the crest at Arkansas City * * * AM 
‘The tabulated discharges for the years 1909, 1916, 1920, and 1928 are a 


weighted means of either official or semi-authoritative data. Official -quan- 


Guesmer not only observed some of the initial investigations: of Mis- 


sissippi River discharge data, but also participated to the extent of locating 
some of the most valuable folios and summaries of of unpublished hydrologic Ss 


TABLE 9 Cusic per SECOND, FOR THE DESIGNATED 


1934-1038 |! 1987-1938 |1936-1037 |1985-1936 |1934-1935 


ed 55,163 “52, 701 $3,458 57, 59,320 


-15 | 05 


54,000 52,438 58,140 


* Initial filling for storage in reservoir was a ,091,000 acre-ft, representing an inflow of 1,500 cu ft pe oe 


for one year. te shook Meath 


i data, of which the writer had no previous knowledge. _ It seemed logical to Be 


eal first with the headwaters and then with the successive tributaries | and 


ms main river stations. The procedure thus developed was found to be: very satis- 

factory and capable of deriving successive discharge quantities generally within 

Ae 5%, and often within 2%, as illustrated i in Table 9 for the Tennessee River at tig as 


: ont The initial reckoning disclosed an unusual departure of nearly 4. 5% for the a 


f. . water year 1937-1938 until it was discovered that the initial filling of the 
Be _ ‘reservoir accounted | for the withdraw, al of 1 500 cu ft per sec from the stream 


ee eae flow. In the same manner, it was quite a simple problem to derive the yearly | a 


and periodic mean discharges for Cincinnati, Ohio. For this purpose, the 
ae observed discharges es of the Ohio River at Huntington, , W. Va., were correlated = : 
with records of the gaged tributaries and estimated yields for the ungaged areas. ei 2 

ats The latter were either equal to or somewhat less than the observed discharge __ 
per square mile of the gaged tributaries. ediat 
ss on the Mississippi River and its major tributaries, or even the minor branches, ; 
this procedure seemed to render acceptable values. 
Various tests showed that the ungaged portions ¢ of valley floors ordinarily. 
a a yield somewhat less than do equal areas in steeper. and more elevated regions. ‘4 
= Lower Mississippi, i,” by Raymond G. Moses, ‘ The Military Engi ineer, May-June, 


igs 
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— 
Deseription 
53,216 | 40,197 
— 
é 
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7 - ae selected from among the 400 or more available are listed in Table 8 


_ The progressive summations, comparisons, samplings, and adjustments 
which led to these results for all important stations within the Mississippi 


River basin involved the following principal phases: “et be 


5 1. Assembly of outstanding and representative precipitation records 
_ 2. Interpolations from neighboring stations to fill all gaps; 
te 3. Comparisons of monthly or yearly means for the group of stations wit! 
the total record means to obtain: excess: and deficient depths for successi 
Computations of temperature normal in the same 
me ‘Computations of runoff departures from record mean at the selected % 
lower river station (record-mean annual runoff depth minus successive saasly. ae 
6. Comparison of rainfall and runoff departures in the light of temperature 
7. Investigation of partioulay storm patterns i in all cases where rainfall and 
paler departures are greatly at variance or of opposite signs; al i wh petro: ooo 
_ 8. Derivation of discharge at the lower river station from summations 18 of 
_ tributary discharges and estimates of ungaged areas based thereon; 
‘Io, 9. . Interpretation of hydrographs in the light of all ‘previously assembled it 
data and their established relationships; and hae 
bas 10. , Checking the arrays of data by the use of weighting factors, jens in 


Px. Weighting Factors. —The concept and use of ‘weighting factors may be ex- 


plained best by a practical example. rea the quest for suitable samples of 
_ tributary flow that may be used as an index of lower station apie the 


tation. The at Rich Fountain, Mo., ‘is outstanding 
such correlation ; the ‘Kanawha River at Kanawha Falls, | W. Va., has a record 
of outstanding length and reliability. Their respective drainage areas of 3, 180 
8q miles and 8,367 sq miles, totaling 11,547 sq miles, represent nearly 1% of the 

,144,500 sq miles drained a above Vicksburg, and the average yield is 2. 667% ‘ 

f the total. Evidently, an an approximation to the annual discharge at 


is afforded by taking > 667 = = 37. 5 times: “the: recorded d discharges at R 


| known that the larger yield per square mile 
Furthermore, it is generally known to estimate the yield per sq it yield 
9 | Furthermore, it is. fore it is customary 0% of the unit vie iia 
to a? ie her ground ; therefore it is « ibutaries, as 80% or 90% ii 
of ungaged areas, i 
— 
; 
— 
— 
— 
— 
— 
— 
— 
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to ‘the query, y, “Would it be more e satisfactory to accord different to the 
‘= __ tributary drainages, calling for a greater factor for the Gasconade River and es 


a a _ a lesser one for the Kanawha River, or vice versa?” Adopting the water years ili 
1939 and 1940 for the observation or test the simultaneous * equations 


4 


101.4 Ea. 3 ~ = = 8836 y = 2,619.00. 
‘Substituting the value of fy 5) in both Eq. 1 and Eq. t= 569 1609; 
‘disparity i in weighting factors results in almost complete dependence 
the smaller tributary, outstanding indicator of Vicksburg discharge. 
Use of the foregoing weighting factors for the Gasconade River and 
aa _ Kanawha River annual discharges for the 20- -yr period, 1921 to 1940, resulted _ <3 
a ai 4 in a maximum departure of + 46.3%, with a mean absolute of + 21.0%, as aa } Ege 
recorded for Item 17, Table 10. According to data under Item 91 (Table 
10B), the substitution of discharge data from the Greenbrier branch of the 
Kanawha River, draining only 1,357 sq miles, with the Gasconade area, repre- 


ee ie senting only 0.4% of that at Vicksburg, resulted in new weighting factors of St 


204.9578 and 25.756678, respectively. Under a 20-yr test, 1922 to 1941, these a (a 
factors proved to be more satisfactory than the first pair, as the maximum and 
mean-absohute departures were reduced to — 42.4% and 15.1%, respectively, pied 


. for the Mississippi and | Atchafalaya rivers. However, Item 22 indicates what . wee 


be attained by such tests with 87. 2% gaged, resulting in reduced per- 


ae centages of + 10.2% and 3.6% over a 22-yr checking period . Such percentages 
approach so nearly the attainable accuracies in river gaging on alluvial forma- 
=a a toy tions that they seem to attest the consistency and reliability of the basic data .. aes 
underlying those derivations or estimates; furthermore, they may constitute 
, ao a proof or indorsement of the derivation and testing method employed. — Simi- 
4 eo) larly, in Item 7 (departures of — 23.9% and 9.6% for 65 years), in Item 32. hi & ae 
(departures of + 20.4% and 7.9% for 52 years), and in Item 67 (departures of 
3 oe 2% and 5.7% for 52 years), the fairly close agreement between derived — 2 3 
ae a and observed discharge data extends beyond the range of mere coincidence. _ 
ae a _ The fact that some other series of weighting factors; similarly derived, bring 
a more discordant results would seem to indicate that either the test years or 
the individual tributary discharges were less representative. For example, 


the aforementioned Kanawha River discharges showed a larger quantity for — 


ye ee the lean year (1939-1940) than for the average year (1938-1939) at Vicksburg, % 
“AD _ _48“Estimating Annual Yield from U Drainage-Basins and Effect of Land-Use Treatment on 


Surface-Runoff,"" by C. 8. Jarvis and H. C. Murto, Am. Geophysical ‘1941, PP. 
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all, and shifts most of the 

Least Squares Solutions.— —Items 1 102 to 107 i in Table 10B and ‘Items 45 and 
in ‘Table 10 were solved by ‘the method of least squares. The obvious ad- 
4 vantage of this approach is that the observation period may be extended beyond 


the number of years | that corresponds to the number of unknowns. Actually, 


‘the same For ‘example, a 20-yr period may y be divided 
a into four groups of 5 years each and used effectively for the determination o of 
four unknown weighting factors, as shown in in Table 10, Item ee 
After a searching investigation and numerous tests, the most ‘significant 
en of which are summarized in Tables 10, it was found that the method of = 


squares procedure ‘show up to advantess, but more the a advantage Kin 
was with the simpler approach. ,. Wherever the constant value i is included ay, 


_ toward the series of f actors that will satisfy the arithmetic means of the observa 

tion equation cocflicients and, therefore, will not likely satisfy any one of them 

The main ‘objective of ‘Tables 10 is to some of the methods used 


_to their consistency, one with another, in the light of such fragmentary or — 
records and such other information or authoritative as were 
available. 
a. Sa and associated tests have disclosed errors in some of the p publishe 
sped basic data, and have indicated t the required correction. — on For example, the mean 


discharge of the Missouri River | at Hermann, Mo., for the 


to be more nearly 50, 000 cu ft per sec by various tests similar or related ge: 
in Tables 10, “and also by reference to the established rainfall- ‘runoff 
- relationships as applied to that year at the stations involved. _ Likewise, the 
_ humerous maximum departure percentages recorded in Col. 25 indicate that anes 
.. the lower station discharges for the year 1931 are probably deficient and should Ete 
increased by at least 10%, revising d data of that year to when ~ 


test by one one year, represent mean for the entire test. period, 
and therefore should not normally s satisfy ony of the individual observation # & 
aforementioned observations are not & to the use of 


the an squares procedure in its proper field, for it has done much to facilitate 


— 
— 
i= 
— 
— 
— 
— 
iia 
5) the formation of normal equations) yields either identical results that accrue 
from the simplest algebraic approach with simultaneous equations, or a 
— 
— 
— 
— 
— 
_ 
es 
a- 
— 
to — 
te 
— 
: 
32 — 
— 
ae ___ The method of least squares brings identical results with those from the mae ~ a7 
algebraic method whenever the unknowns, the tributary stations, and 
ng me | _years or other time units in the test period are all equal in number. Values  _ a 
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TABLE 1 10. —OUTSTANDING or ‘TRIBUTARIES AND Test PERIop 


‘= 


bays 
Test 


pal 


34 


‘ad (2) 


River 
"Drainage area, 8q miles 


1} 
-68856 
—5. 
4 
4 


feet 


1894-1895¢ 
1934-1938¢ 
1939-19409 
1938-—1939¢ 
1938-1939¢ 
1934-1938 

1933-1938¢ 
1935-1940¢ 
1934-1939¢ 
1934-19399 
1934-19389 
1934-19389 


1927-1929 


1933-1934 
1933-1934 


1937-1938 


1933-1939 
1933-1938 
1933-1939 
1933-1938 


1933-1938 


1934-1938 
-yr Means: 
1914-1938 
1914-1938 
1919-1938 
1919-1938 
1924-1938 
1924-1938 
1929-1938 


ly Means: 
1934-1938 


wat 


1934— 


1932-1941¢ 


river For additional in in Cols. 8 to to17 see » Tables 10A and 10B. 
are drought years except 1939 (an average year). 
tional related 


Addi 


“Wei 
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INED EITHER BY SIMPLEST SOLUTION OF SIMULTANEOUS 
ghting Factors” Arenand in Columns Headed by the Names of Rivers and 


i and Checking Periods Listed i in Col. 200 ‘ 


| Gagea |- 
area 


(%) 
bol 
ty (3) 


87.3 


90.2 
83.0 


tests. 


— 
TOR 


Huntington, 
Va. 


(4) 


Ohio 


“(1.01424 


1.287651 
-582193 


—-1,637119 
| 


1.422663 


1.214501 


792211 


ing 1.216067 


1.051546 


140.680963 
174.631612 


0.984279 


ash? 
Ft. Benton, 
Mont. 


lg’ 


4.210438 
—0.540756 
4.367897 


0.606386 
Ve 


8.054400 
2.081842 

2.473716 
| 5.738581 


1495442 
2. 761618 


24110 
$0.35262 


492675 
| 26 637703 


4 


1.233898 
1375846 


| 1.233808 
11375846 


(5) 


Le Claire, 


#! 


Mississippi 
6004 


‘De Valls | Rich 


a5 


White 
23,8008 


” 


Fountain, | by 
® 


Gasconade 
3, 1804 


Keokuk, | 
Towa 
Mississippi 

119,000 


8. 1266 
1095 


72409 
—2.34821 


—0.31917 
0.223160 
0.182211 
01534084 
1.283654 


F 2.455054 
2.511146 


Spats 


2.865939 


—0.337125 


664610 
1.417405 


(0.739574 
0.724266 


—371.38345 
—458.24473 
3.146566 
| 6.312512 
—4.210654 
—2.694294 
—7.507301 


0.622489] 


0.253073 


1.233808 
(11375846 


Clarendon, 

White 
25, 750 


114 

.240462 


2.455200 


8.799658 


—472.67235 
—586.23519 


4 With Atchafalaya, Simmesport, La. 


1.233808" 233898 
3758464] 1.375846 


= 
3 CoMBINED 


0.44926 
39241 
—1.78116 
—0.87311 
5.18984 


Irems 35 To 4, 


2.672776 | 
0.305337 | 
0.624616 
7.911413 


1.342141" | 
0.690306 


UF 


8. 


Weight 
¢ Discharge data 4 


me revisions of data from Transactions, American Geophysical Union, pe 
i the test period were divided iby the sum of designated tributary ‘discharges to obtain the ratios, or 


4 


| 


648 


— 
aging 
a (For C 
=— 
| | Missin 
26 | | 74.3 il 
| Sue Ta 
— 73.6 | 2.622843 | 1.016706 
— =—ti‘<‘é RS 3 
fan 
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yor EXTENDING RIVER Discarcz Data BY THE Uss oF “WxIGHTING Factors, 
EquaTIONs OR BY APPLICATION OF LEasT SquaREs 


Gaging Stations to which They Are Related, for Test Periods Listed in Col.2 0 


om Dararronns or Dertvep DiscHARGES FROM OBSERVED OR 


Checking Period ‘Belected Years Showing Wide of Yield 

Range 


Abso-| Max-| 1 10276 
lute? | imum| 2927*| 1931 | 1932 | 1937+ 


(24) | (25) | (26) 


1886-1905 15.8 
1875-1939¢| +2.2) 
1923-19410 


| 1921-1940] + 
1889-1938 | 
1927-19419 
1920-19410 | 
1927-1941¢ 
1927-1941¢ 
1927-1941¢ 
1927-19419 
1919-1940 
1889-1940 
1919-1940 
1919-1940 
1919-1940 
1889-1940 


—39.6| —19. +19.9]+58.8] 
+16.5) 75 


++ 


GO, 


Oe 


° 


S 


© 


_bo 


NOK WN 

o 


1889-1940 
1889-1940 
1889-1940 
1889-1940 
1889-1940 
1923-1932 
1923-1932 


=6,469,2564 1923-1932 
“8.212.098 1923-1932 
~ 000 1923-1932 
9214 1923-1932 
1923-1932 

1923-1932 

1923-1932 


1923-1932 
1923-1932 


0.0) + 5.8 


"(Too many conditizas imposed) 
_ (Too many conditions im 
6.0] —20.2 2.9 +18. 


2 


+ 
= 


wor or 


de 


11.0] +19.3 
8.2) 416.1 
418.2 


15 | 1927-1941] +1.6| 2.5|— 5.214 2.6/4 3 3.0] + 
15 | 1927-1941] +100] 7.2) - 


factors @Mean absolute (values a im «Flood year, in the columns unmarked 
had years — tember 30 of each year so listed. 4 Referring | to the gaging stations in the main h ings. 

Compu’ and normal equations solved, ‘Mean discharges at the lower river station 


— 
| 
1939 | 1940 | 1941 | 
— 
8.3| -20 2.0| + 3.2|+ 5.2] 
| 3 5.3) —29 0.0} 0.0) — 2.6] .... | 47. 
7083 11,0604] 52 3.6] +13 0.0] —14.9] + 2.8] | 48 
| 52 15.5] —54 6|— 1.9] .... | 49 
Cz 55,066" 62 40 56 +20 0.0) + 5. ai 
2.5) — 0.5) — 1.4) — 2. — 
— 
Weight- 


x 
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geientifie analysis and research. + However, the criteria fo r the application of 


ee method are violated mostly in the hydrologic field, — as to a large : 
+ 


number of observations ma made with | equal care and | skill, all yielding ‘small 
_ deviations from the mean. — Items 45 and 46 in Table 10 represent the best of a 


ag 
ares 


| an | ay | aa 
Miami 


Drainage area, 8q miles. . 12,860* 8,680" 
7 


+i 


1,808 
| 1934-1938 | 15.4 | Y . 


1935-1939 | 18.3 |15.4156* 21,45278 
1935-1937 | 14.6 |14.60¢ TAR 


1935-1939 | 38.7 | 2. 


1935-1937 

1937-1938 

1937-1939 

1938-1939 

1937-1938 

1937-1938 


1932-1941 2.453260 | 2.453260) 2.453260) .... 2.453260 | 2.453260 
1083-1981 .0 | 1.690571 |  1.690571| 1.690571 | 1.690571 1.090571 1.690571 


Lower river stations, Weighting factors constant. absolute (values approximate). Flood 
_ water years endin| September 30 of each year so listed. * Referring to the gaging stations in the main headings. 
sums of designa tribut discharges to obtain the ratios, or uniform weighting factors listed above. ™InItem — 
_® For additional values in Cols. 4 to 9, see Tables 10 and 10B. ¢ Including the latest revisions of both observed — 


the least squares with maximum ‘of some 29% in a 52- 


—— period, in contrast with 13.7% for Item 47 a 


_ According to ) authoritative analyses of probabilities," tl the standard et error “eo 


“Handbook of E Fundamentals,” by Ovid W. Eschbach, Am. and 
ox John _ & Sons, Inc., New York, N. Y., = Chapter 2, p. 127. x 
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; nse 10, the odds are 3 to 2 that the calculated probable « error is s within 20% 
Toll of the correct ee Furthermore, the odds are 30 to 1 that the error is within a 


Irems | TO. 114) 
Darantvans or Dertven From OBSERVED OR 


~ Checking Period Selected Years, Showing Wide Range of Yield | 
Mean} lute? | i 1927¢ ‘1931 1932 


(21) | (22) | (23) (26) 


| ood ee 
—39.6) —19. 
1875-1939 —23.9| — 6. 
1922-1941 +-46.3) +40. 
1921-1940 +50.7| +18. 


1927-1941 | +14. 
1927-1941 


15 
15 


1927-1941 | + 1. 
1927-1941 | + 1.3 +11.8| — 0: 


1927-1941 | + 0. 


in these columns unmarked years are drought years except 1939 (an average year). ¢ Disch 
itional related tests. ' Mean discharges at the lower river station for the test period were divi by the 
16, the assumption indicated refers to the gaging station at Franklin, Pa. (drainage area, 5,982 sq miles). _ 


The investigations underlying this paper have demonstrated the 
4 or of the observation equations: far ‘oat 


: 
210 (Irems 35 To 44 
m0 8.000 | 
6.0} 7.4}-+20.7| +1 0.0) 0.0) ~11.5)-20.8) 400 
10 | 1931-1940 |— 0.5) +11.1) 414.0] + 8.1) 4+ 03) — 
— 
] + 4.3) +118) — 6.4) — 4.6) — 7.7| — 18 
adings. 
3 2 
| 
20 outdone other arrays of 6 or 7 years, or such numb 
20. One test of 25 years in groups of Gre cack, 
many conditions that the weighting — 
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sanvis (ON MISSISSIPPI RIVER 


‘TABLE 10B. —SuPPLEMENT TO ‘TaBLE 10 


| Rich Fountain,| Alderson, | Vicksburg, 


aye 


Little Rock, Falls,| Angola — 
Ark, 


1938-1939 203.087914 
1941 Means, and: re 
| 1940-1041 182. 896154 


¢ 
=| 1927-1941 | 1.0 | 97.0717518 | 25.001831 417 


1927-1941 a 17.817958' |  22.326052— 


| 1.0 | 93.2119728 


1932-1941 9 | 124.9862654 
1927-1941 | 0.4 | 106.8868305 | 62, 1880-1041 
1932-1941 4 | 153.519985' | 95.8391374 000 { 1889-1941 
1927-1941 4 | 851201608 | 116.3940814 | 1922-1041 
1927-1941 108.3917954 | 117.1716834 1922-1941 
1927-1941 84.7740194 21.541561 1922-1941 


20 
3 
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1922-1941 
1922- 1941 

1889-1941 
0004 1922-1941 
030062 by 20 | 1922-1941 


833s 


1927-1941 | 21.004572 20 | 1922-1941 
32.185600 1922-1041 
626670 1922-1941 


1932-1941 

1932-1941 

-Ten-Year Means Only:!." 

108 1932-1941 
109 1932-1941 
110 1932-1941 


111s 


13 1932-1941 
114 1932-1941 
1932-1941 4 
1932-1941 


 40.635115 | 40.635115 1922-1041 
 -114.080564 | 114.0805644 
127.2043708 | 127.2043704 


2.453260 


BOS 


© Lower river stations. Weighting factors constant. ¢ Mean absolute (values approximate). 
Simmesport, La. * Discharge data for water years ending September 30 of each year so listed. * Referring =~ 
' Mean discharges at the lower river station for the test period were divided by the sums of designated tributary — 
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year; in these columns, unmarked years are drought years except 1939 (an average 
to the gaging stations in the main headings. Com 


Departures or Dertvep rrom Opservep aNp Orner Bastc Data (%) 


| Absolutes|M | 1931 | 1982 | 1937 | 1930 | 1940 


Checking Period Selected Years, Showing Wide Range of Yield 


1 @ | (23) | (6) | (27% | (8 | | 


4278 | 
+161 | —43.3 


+28.7 | 
+4288 | | - 


mb 


| 
2S SOM 
au 


| +438 


+ 0.7 


MALT 


7.1 


25 | —52 
42 | +100 


{With Atchafalaya, 


by least squares, an 


pu 
discharges to obtain the ratios, or uniform weighting factors above listed. * For further information regarding ‘a 
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normal equations solved 


A 


— 
— 1 10 AND 10A i 
|) tag | - — 
440.5 | 9) -93) - +168 | + 9. 
uo | -s14 2.0 | -112| 3.8 6 | +14 105 
+46.4 | -238 | — 9.0 = $3) Tiss - 
| 07 | 7303 25.6 | —12.5 — 63 | + 58 | — 3.5 107 
+n iss | tase | — 16 | | | F108 
me 8.0 | + —21.1 | 2| -6. 34 
in $37.6 | —18.0 +20.9 —10. +18.7 | 13. 
14.3 76 - 1.2 —27.3 — 6.1 pe. "7 718 115 
2) -4& 


= . nating 6,400,000 cu ft per sec and 8,200,000 cu ft per sec, respectively, for a 
Vicksburg and Angola-Simmesport, Items 53, Table 10. 
only basis thus far disclosed for satisfying the fundamental criterion 
2 i. (that the s sum of the squares of deviations shall be a minimum) involves, either 
aS directly or indirectly, some multiple of the arithmetic means of the r respective | . -f 
oe coefficients appearing in the observation equations. Comparable results may oi 
'. be had by including the me means of all or of a part of the test period, along with — a 
any desired number of seen seemingly representative yearly - data, as illustrated by oo 
Z Items 92 and 93, Table 10B. Somewhere within the twilight zones of mathe- 
i i matical probability, fantastic legends have grown up, attributing almost magic _ 
ea race powers to the least squares procedure, when simpler methods achieve either a! : 
identical or results, as shown by many items associated with those 
Mr. Cory’s | comment regarding an extremely low stage of the Ohio River ee 
= at Cincinnati calls f forth a simple tes test, based on official records ” | shown i in at 
‘TABLE 11 —Rawwrant DeEpTHS IN INCHES AT Manierta, 


October 


A casual examination of the foregoing data in the light of the close corre- ae 
lation of Marietta rainfall with runoff as far down the river system as Vicksburg Rte % 
a =, justifies the conclusion that the time of minimum discharge of the Ohio River _ 
at Cincinnati was September, 1834, in the second successive month of sub- 


43 


sai normal rainfall, and in a year of drought following a slightly sub-normal year. 3 
Pa aic As to the actual discharge, it might have been anything from 3,000 to 5,000 ms 


eu ft Per sec inasmuch as such minima | have been observed from ‘Huntington 
+a to Louisville, Ky. na within recent years. A channel cross section of about 70 ae 


. cn ft by 10 ft might have been spanned by those early steamboats. As mean a Oma 
i _ Velocities of 4 to 7 ft per sec would account for such minimum discharges, there b= : 


oe 


is no occasion to. challenge the veteran’ boyhood memories; they 
the probable conditions of flow. 


ar 


= rainfall records at Marietta, Ohio, and of Mississippi River gage rg” 


Ge 


' occasion of his dismissing Laplace from the office of Minister of the Interior sak 
had to do with “administration on the basis of differential or “of 


ip according to other translations. — 


Bulletin W, U. 8. Weather 2000, os and later 


mar) is worthy of note that the same year that marked ‘the establishment of : ; 


presidency of the French Napoleon’s complaint upon the 
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MISS 


The accustomed praise accorded the Humphreys and | Abbot hydrologic 


and findings, coupled with the practical and discounting to 


mathematical approach would have served better. Intensive studies of 
arly data pertaining to the Mississippi River ‘system would have been | i 
repaid if no other result had been achieved than disclosing the fruitless I 
a devoted to building up the usual normal equations, preparatory to their solution 
as simultaneous equations, when the basic observation equations are e capable — 
of yielding either identical, fairly ‘comparable, « or ‘more satisfactory values of 
= respective unknowns, as described herein. This comment in no wise — 
circumscribes the use of calculus, probabilities, least squares or other 
~ methods within their proper sphere, but is aimed against ill-advised or sitll 
application of such procedure, either inside or outside their respective provinces. _ ee 
_ The gross errors inherent in either the instrumentation, the sampling, the ie 
_ observations i in the field, or their interpretations i in the office, or the summation 
of these defects, would seem to ‘disqualify the ordinary run-of-the-mill hydro- 
logic data for analysis by the method of least squares, where large numbers of 


deviations constitute the most suitable arrays. Nevertheless, the normal 


‘alterna ation of plus and minus errors seems to effect such compensations so as i 
_ to render the best attainable values of rainfall and runoff; and these have con- — 
Z sistently withstood the most practical tests as their suitability s and reliability i: me 
for the purposes intended—evaluation, al ater 


valuation, conservation, and utilization of water 
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SYNOF 
Land classification as conducted in the Bureau of Reclamation is on the - 
basis of utility for irrigation farming. - Three main | types are m made which are 
function of all these is to eliminate from the area to be irrigated. (arable land) Be a 
i, _ lands which do not have sufficient productive capacity t to ) support a » farm family — 
ata reasonable level of living and permit the payment of construction assess- 
ments. _ The “arable” lands are further divided subelasses 


on tl the of productive value under ierigation. 


: ’ - “type of use,” ’ such as industrial ar areas, recreational areas, and the like, a , 
distinguished from lands that are primarily suited to agricultural uses. More 
oe Commonly, lands are classified on the basis of their adaptation to different 

_ types of agricultural use, such as forest areas, grazing lands, and lands suited a 


4 


Land classification, as conducted i in the Bureau of Reclamation and dis- — 


Or a cussed in this paper, is on the basis of utility for irrigation farming, and aad 


eS of its strength lies sine this s singleness « of purpose. The most important phase a 
of this work is the separation of lands suitable for irrigation (termed ‘ ‘arable”) 
inferior lands not suited to irrigation development (non- arable). To be 


7 ai _ suitable for irrigation, land must not only be located under the ditch and of e: 


ae surface relief even enough to be irrigated, but it also must have sufficient pro- 
ductive capacity to support a family at a reasonable level of living and to per- Pe 

= oe mit the payment of irrigation assessments. The : arable lands are divided fur- as 
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value and the ability 

to meet irrigation annnnsmnantn, class 1 representing the highest class arable 
special classes are that include portions _of the “non- n-arable” 
land as here defined, on which surplus waters may be used to advantage on a 
yearly rental basis for some limited use, such as irrigating pasture. Fre 
F quently, subsequent e economic investigations | will indicate that when inter- 
_ mingled with better land, so that a farm unit will include only a small percentage 

.. a of this type, such portions of the acreage in the special classes properly may be — 
= supplied with a regular water right ar and be » subject to ‘Tegular i irrigation assess 
ments. In. reclassification | of old projects, class 5, suspended class, is 


_ construction of needed drainage or other action which will restore productivity. 

» lbs A study 0 of its history shows that since its inception there has always been P 
some kind of land classification practiced by the Bureau of Reclamation. 
earlier land studies were generally not extended to great detail, and the im- ox 

; portance of soil conditions was not recognized to the same extent as at present. 
Little was known about arid soils and their response to irrigation, and in the 

earlier years there was a tendency on the part of practically every one usta 
- ested in irrigation to believe that all land below the ) irrigation ditch was sus- — 


ceptible of produsing crops if the water were delivered to it. 


ay sul 


land under irrigation as was criinally contemplated. 


The modern system of classifying irrigable with ‘the | passage o 


so-called ‘‘Fact-Finders Act” of December 9, 1924, wherein provision was 
made for the classification of project lands on the basis of ability to meet 
construction charges. _ Experience and study | during the intervening years 
have resulted:in the development of methods and standards now in use. AL 
though land classification i is used for essentially economic purposes, it is neces- of 
: sary to base the distinction between classes on physical conditions, of which 


he. 


soil, topographic, and’ ‘drainage characteristics. are of primary importance. — 
i Climate i is likewise an important factor in gaging the productive capacity of 
q 

an area, but generally it is reasonably uniform within the boundaries 


alluvial fan deposits of the smaller streams, are the more successfully irrigated, 


e ice been leached too extensively to be highly parr or to respond well to 
q irrigation. In eastern Montana, on the other hand, the soils. of mature de- a: 
ss velopment, which have. become well weathered and have developed ‘definite 
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itisdificultto 
to place that it is difficu 
tly from place to p gudei 
h characteristics vary so iformly applicable as a guide aa 
: light-textured sandy loams and loam: 
=| joining the Sacramento River and soils formed from 


the most successful irrigated lands; and here : 
_ the soils of recent alluvial deposition are likely to be either heavy intractable 4 
_ clays: that have been formed from materials washed in from “raw” shale hills, 


hat has been little altered and ae 


capacity; it. must be readily: penetrable by water. and ‘still have s a ‘slow 
enough infiltration rate so that it can be irrigated without excessive percolation 
Ac ace losses; it must be free from “black alkali” or a sodium- saturated condition; 
oo: and it must be either nonsaline or of a type from which the moderate amounts pe: 
of saline salts that it may contain can be leached readily. Also, the soil must 
age. Arid and semi-arid soils that meet these requirements a are practically 9 
tn well supplied with mineral plant nutrients. The quantity of nitrogen — : 


is generally deficient, but this element is readily maintained by the production — . 
of leguminous crops that are the backbone of irrigation agriculture. 
Topographic considerations are of two main types: First, the degree of slope; 
and second, the character of the surface relief—whether it is smooth or uneven. 4 ah 
Likewise, the characteristics of the soil in respect to. erosion, permeability | ‘to 
water, and susceptibility to “subbing” or lateral movement of water between — 


Ci must be considered, and the methods of irrigation that have proved to % 
8 for 


the use of large heads of water and flooding in borders, checks, or basins Me 


proved to be the most practicable. method of irrigation for all except row crops ; 
and possibly orchards. In central Washington, on the other hand, the corruga- __ 

= 4 tion method of irrigation has proved to be well ee to soil and ae 


ey arable where soil conditions are favorable. Under conditions prevailing in the a 
former localities, on the other hand, the permissible limit of slope is generally — 


Lands of moderate gradient, but of uneven surface, are considered’ both 


i’ from the standpoint of the cost of necessary leveling and the probable effect of a 


arlene soil removal on fertility. In general, deep soils of recent alluvial dep- ro: 

ty osition can be graded heavily with only temporary curtailment of productive — 

_ capacity, but older soils that have developed zones of lime accumulation in the — “* 

ae subsoil, and also soils of limited depth to rock or grave vel, cannot be ey a 
ie graded without seriously decreasing crop production in spots where heavy outs 


future drainage requirements are to be anticipated on all new projects, 
5 i. *< and it is difficult, and in many cases impossible, to determine in advance where “a 
will take > place. fal classification, therefore, elimina- 
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Certain soil characteristics are uniformly necessary, however. To be satis- 
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(CLASSIFICATION 
tions from the irrigable area because of adverse conditions 4 are limited — 
areas without surface outlets and to narrow draws and valleys where 
seepage development i is to be anticipated and drainage costs will obviously be 
a in excess of benefits. Lands are placed in class 2 or 3 because of adverse aes ey ia 
drainage conditions where more than average hazards of seepage development 


exist but conditions are favorable for artificial drainage construction at reason- 


"3 


ie In order to achieve the objectives of land classification, as previously i 

cussed, and to assure uniform work where a number of classifiers are employed, Bier: a 
has been found 1 necessary to establish certain physical standards or specifica- 
tions for each class. This must be done for each project studied, although ee wae 
— standar rds used in different parts of the West include certain similarities, ae 
those applying to two areas having similar s ‘soils, climate, and irrigation prac- — ? 
~ tices will be correspondingly similar. In so far as conditions can be duplicated, eee: 
standards are based on actual performance of similar lands under irrigation, 


a8 and to this end it is customary, when establishing classification | standards oe ia 
; 3 an area of new land, to study carefully the results that are being obtained under a 


similar soil and topo raphic conditions i in near- -by developed areas. 
For instance, in starting the classification of Columbia Basin project lands, 
a 4 it was important to know which sandy soils of the area were suitable for irriga- Ma a 
tion development. This problem was studied on three near-by irrigation | dis- 
| tricts where sandy texture has been the principal limiting factor in the success ee 
the area under irrigation. Soils were examined on farms that have 
farmed profitably under irrigation for a long period of years, on others t that 
ae | ae M have been less successful, and on farms that have ; gone out of cultivation after { a 
few years’ trial. The history of these farms was obtained from well-informed 
local ‘people, the record of water use was secured, and soil samples were taken 
| mechanical analyses. The information obtained, considered in the light 
> e of the amounts of irrigation water that can be supplied economically, made it as 4 a 
possible to fix the standard of soil texture for each class on the basis of demon- 
strated experience. ‘The standards with respect” to topography, -stoniness, 
1, and other factors were determined in th 
9 depth to rock or gravel, and other factors were determined in the same way, ae ee 
a although it was necessary to consider irrigated lands in the Yakima and Kittitas a oy 


valleys, in addition to projects immediately adjoining the Columbia River, in in 


order to duplicate all of the principal soil and topographic conditions en- 


The methods followed in making a land classification vary somewhat, de- 


- pending on the detail required i in the particular study. In. all cases, creer 


examination of all physical conditions, including subsoil examinations. : The : 
for placing land in a lower class than is indicated by placing an 
appropriate letter after the classification number. The letter ‘‘S” indicates 4 
soil deficiency; “R” loose rock in the plow zone; “‘T” a topographic deficiency 4 


a and “D” a deficiency in drainage characteristics. _ Two or more letters are iy 
the land is inferior to 1 in both soil char- 


: og used when more than one factor is involved. _ Thus, the classification as 2ST am 
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an area mar ed is 


the same class for different reasons are delineated on the land-classification i 
maps, as well ¢ as s the boundaries between classes. In the procedure, 


‘ta po or too steep in slope to be first class. The boundaries holier een lands 


rt. Where detailed topographic maps or good aerial photographs are available 
for use as base 1 maps, it is unnecessary to survey the actual boundaries because — eo. 
such maps competent man can sketch the boundaries between classes 


2 a. classification, one for each 160 acres; and en enough in reconnaissance on a 


studies to meet the less exacting requirements of that kind of study. Alkali 

te _ determinations of pertinent soils samples are made where the need i is indicated, 

and in some of the larger and more detailed studies field laboratories are main- 


foc In recent years the Bureau of Reclamation has attempted to standardize — mse 
on three 1 main types of land classification that are e similar i in the main essentials - 


tailed studies is one for 40 acres; for semi- 


naissance Land Classification,” ‘““Semi-Detailed Land Classification,” “De- 
tailed Land Classification.” It has been possible to standardize pte 
; BS — nitely in the case of the last two types, but the degree of accuracy attained i is 
id reconnaissance classifications has varied somewhat from one area to another, vio 
depending on the particular requirements of the investigation 3 ry 
a _ The more general type of reconnaissance is usually made on maps having a 
=, scale of 2,000 ft to the inch or on aerial photographs of whatever scale 
This type is applicable to the study of large areas where it is desired to secure i ss 
— information and to determine the location and extent of areas that are s- iz 
| ficiently promising to warrant more detailed investigations. . An example is iz 
found in studies made in southwestern Wyoming in connection with the Colo- 
_ rado River investigations. Inspection showed this area to be made up largely ay: q 
of extremely shallow soil but | to include also bodies of jand of variable extent -. 


* 


 naissance e land classification for the primary purpose of locating areas of suffi- 
cient promise to warrant more detailed d study. In the absence of better base 
a maps, township sheets with horizontal scales of 2,000 ft to the inch were e made - ; 
up from township data, and section corners were located and flagged on the 


e, and 


even 


5 
< 
@ 


on 


— 

— 


8 
— class 1 in soil, draina; 
boun 
| 
| 
ary should be. Where base maps of this Kind are not available, 11s necessary 
: _ to use a plane table. Sufficient test pits or auger borings are made to explore a 
“ 
soil t 
‘ and 
the 
Reces 
‘ 
a more 
to pr 
so 
cove 
well- 
salts 
“goo 
q beca' 
 salin 
a 
Made 
4 inclu 
— 
4 class 
rice 
Port 
best 
foun 
— 
¢ 
— 


mp 
a. ont a plane table for u use in maintaining orientation and location, the general ‘. 


| 
at 


boundaries of class 1 and class 2 areas were mapped in each township, this ae” 
. x work requiring an average | of four days per township for two ‘men. rt Arable 
areas having sufficient size to warrant further consideration, as indicated in 
a the reconnaissance, were then covered by a semi-detailed land classification, _ 
_ this being the type that was followed more generally in these investigations, — 


_ _The results were satisfactory and the cost was a fraction of the amount which 
zn a have been required had the entire area been covered i in the usual detail. 


ee eventually will cover several million acres, is for the purpose of ruralas an 

a inventory of lands that may be irrigated from the Shasta reservoir and from 

i storage which may be developed « on tributary streams. Since | the complete — 2 

consummation of plans to be developed as a result of the investigations will 

= stretch far into the future, the present requirement is for information on the 

| d location of lands of different capabilities: and an estimate of acreage that i is = 
reliable for good-sized blocks but not necessarily ‘applicable to a single farm or or 

q individual 40-acre tract. It is planned that a more detailed land classification es 

will be be made of any project resulting from these and o other preliminary | investi- : 

ay es In this study, standards in respect to soil conditions are defined in terms of aS 

- soil types as mapped i in the county soil surveys, but all of the area is examined 

: and the features of the classification are delineated on aerial photographs i i 

a 7 the field. Where recent soil surveys are available, little additional work is ae 

— _hecessary for the better soil types except to map topographic features and give 3 
due consideration to alkali. For inferior soil types, however, where only the Y 

: more favorable phases are suitable for irrigation development, it is necessary — 

A Ff to put down a reasonable number of soil pits and to give careful consideration _ 


to soil changes. ‘This has been found to be true with all soil types in areas not De 


itd The good valley lands that ‘are suited to a wide variety of crops are in- 


“ duded i in classes 1 and 2. Class 1 includes the better lands which have deep, aa 
soils that are free from harmful quantities of alkaline or saline 
salts and are of favorable topography. Class 2 includes areas which are still 
_ “good farm lands’”’ but are distinctly lower i in productive capacity than class 1 : Sy 
- Jocomeay of some limitation such as heavy texture, limited soil depth, moderate 
q or somewhat unfavorable topography. Class 3 is a “special’ class 

made up of lands having restricted utility for irrigation farming. Class 3a 
S includes the he deeper and more productive phases of the “hardpan lands,” and — 

; class 3b comprises the heavy clays, which have proved suitable for growing 
a Tice or for irrigated pasture but are not suited to a wide variety of crops. 

“ Portions of the rolling foothills that have irrigation possibilities are likewise 

4 in “special” classes, being designated as | H-1 or H- 2, the first representing the W 
q best and the second representing the less desirable of the hill lands that are 
found to be suitable in some capacity for irrigation. 

Pas Class 1 and class 2 lands include those which are capable of continued pro- 4 


duction and which will give, a fair return to the operator, thus permitting the 
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of substantial irrigation in the ‘ ‘special” 
asa are types that have been proved by experience to be capable of some production fe 
under irrigation; but their development as irrigated land is more hazardous’ iy. 
a from: the standpoint of the man who. may settle c on them and also the « agency a 
<a that must collect the construction costs. Areas found to be unsuited for i irri- 
gation, even in the of the special classes, are 88 non- 


; The semi- -detailed land classification (sometimes called detailed 
same) is generally made on maps having a scale of 1,000 ft = bead ‘lin. , and i is the | i 
type most usually followed in under investigation for development 
individual irrigation projects. Ordinarily, only two classes of arable land ‘ 
Bet er (class 1 and class 2) and | one class of non-arable land (class 6) are mapped, but — 
= al special classes are sometimes included when the | ‘requirement is indicated. — 
4 This type is very similar to the “Detailed Land Classification” except that, as 
ae om the name implies, it is not carried to the same degree of refinement. 78 With 
= BE - this limitation, the discussion of the latter type that follows in later paragr aphs > 
e “ will apply to the semi-detailed type, and a thorough description is omitted . 
from this section it in the interest of brevity. set of classification standards, 33 
which was used in in the investigation of one 


ch: Siam -Depth.- .—Four feet or more to shale or hard sandstone, 2 ft or more to ye 


‘Texture.—Fine sandy loam to silt loam and not seriously compacted 
t Alkali. —Free from more than slight indication of neutral salts (white 


alkali); free of indication of black alkali either present or 


3 


to develop soon and artificial drainage would be feasible at moderate 


oom 2, “Arable. —(Areas placed in class 2 on account of deficiencies in either — 
soil, topography, or drainage with the following minimum standards): 


by 


_ Depth.—Three feet or more to shale, hard sandstone, or impervious 

clay; 1} ft or more to gravel or loose rock. 

Texture.—Sandy loam to clay loam—some > compaction permitted. 
Alkali— Slight to moderate indication of white alkali but not 


_ to prevent cro free of indication of black 
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-___. $mooth slopes between 5% and 10%, or rougher slopes that may be 
Jess than 5% in general gradient. ati wor) 
Drainage Conditions— iti od vans aay’ 
sesh Soil and topographic conditions such that seepage may be expected to 
bties develop rather quickly, but with reclamation by artificial il drainage — a 


; x Class 6, Non-Arable. -—(Areas placed i in non-arable class because of failure “ 


Soil. 
Depth.— 


Posted Texture and Alkali.— clay soils that generally 
gp Sut alkaline and are only slightly permeable to water; excessively sandy 


atisgs i soils that are generally — more or less blown up into dunes and de- 


pressions. 


general slopes greater than 

é Areas to be classed 2 as non-arable on account of drainage alone only i ee 


sont the case of stream bottoms, where it is obvious that the cost of 2 a 
pane artificial drainage will be excessive, and in depressed areas without 

outlets, although adverse drainage conditions as a contributing fac- 
alive along with adverse soil conditions will result in further exclusions. 


n 


detailed land ‘classification the arable land is is typically separated 


(1) Class 1 includes lands of relatively high utility for irrigation farming 


and suited to a wide 01 2: ti 
p ta (2) Lands in class 2 are suitable for irrigation farming but are less desirable M ne 


_ than those in class 1 either because they will produce less or will be more ex- im ee 
ens to farm under irrigation. They may have a lower water-holding ca- a 
_ pacity, as indicated by light texture or limited soil depth; they may be only 


favorable air and can be safely isrigated if permanent cover crop i is 


or dramage, or because of combinations of such deficiencies, including 
— 
— 
— 
— 
— 
— 
— 
a. in the subsoil; or they may be more expensive to irrigate because of steeper a a Det 
slopes, or more expensive to level because of uneven topography. Also, they 2 
ces | q may be restricted in soil depth, moderately saline, or have less favorable drain- ol aaa 
(8) Class 3 is made up of land that is likewise suitable for irrigation de- 
velopment but is of restricted utility because of more extreme deficiency in one 
more respects. Land placed in this class because of relatively steep slopes, 
with soil maw he very desirable for fruit production of 
= 


74 


percentage of row crops in the rotation or, if of limited depth to abe Bs 
es materials, may need to be kept in crops that shade the ground in order to limit — 


saline accumulations. Class 3, therefore, includes lands on which the hazards 
a of farming and also of collecting construction assessments are more acute than © 3 A 

“The of the Columbia Basin project in Washington, which 
a ae: was completed in the summer of 1941, is a good example of the “Detailed Land bss ‘-t 

Classification. ” The order of land studies on this project included: First, the 
retracement of land lines; second, topographic surveys, in which maps were 
"prepared having a contour interval of 2 ft and a horizontal scale of. 400 ft to 
the inch; third, the land classification; and fourth, land appraisal. The re- 
sults 0 of ay phase of the investigation were utilized fully in each successive 72° 8 
4 phase. The topographic maps were used as base maps for the land classifica- 3 vat ee + Sa 

tion, section sheets being prepared showing the various features of the previous 

sa gurveys, with spaces provided for recording the results of soil profile. examina- ae 
tions, analytical data, and notes. The physical standards that were developed 3 
on the basis of actual experience, as described | in an earlier ‘paragraph, 
listed i in Table 1. Although these standards v were set up as a general guide, 
they were adhered to closely, except in cases where the peculiar combination 
 . ‘ar of conditions required slight deviation. The limitations of soil depth, and the | aa 

Hike, represent minimum requirements ‘for the class, the average being con- : 
siderably better than these minimum limits. For example, although the per- 


: _ missible minimum limit of 12 in. of loam above gravel or coarse sand was per- & 4 
t s mitted for class. 3, this minimum depth. : was approached i in this class only in es 
a. the case of small-sized spots in areas of larger size where the average depth was | ae 
: Fs considerably greater, and where the topography was such that little or no el 
a = leveling of the more shallow phases would be required. Lands classed as non- 
arable because of limited depth, on the other hand, will include many small- 
“ou ya sized bodies of land that will exceed this minimum permissible depth for class By P! 
a r a 3. In other words, it is impossible to set up a set of classification standards E 
ae that will cover all combinations of conditions encountered, and the individual Bie 
hel land classifier was expected to use his judgment in following the ‘ ‘standards,” y 


> 


-— arable land with a wide range of utility; and class 3, although of more re- 
_ stricted capability, still would be land that could be utilized successfully t under Ee 
irrigation if handled with reasonable care. Mom 


ar _ Table 2 contains a hypothetical map which, with Fig. . 1, illustrates the 3 
principal types of soil and id topographic conditions encountered on n the 


ae i i. with no o specific limitations in ‘utility; class 2 also would include good average 4 


ee tleasi Although this example is hypothetical in the sense that no single awit a 
; boa mile exists on the project which is the counterpart of this map, , it was made ~ a 2 ce 
a ae up by combining. parts of several maps and therefore represents actual field 3 


No attempt: has to have: the acreage in the diferent 
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SOIL PROFILE SYMBOLS LEGEND FOR T. 


Gravel or Loose Rock “NON. ARABLE 


1.03 Total Sots 
Loose Rock in Plow Zone 


Location of Profiles 
(Profiles are 5' Deen) 


il. 


Br. ~ Antelope "Rab. Br.=Rabbit Brush 
Gr.= Rice Grass Wheat Gr.= Wheat Grass 


4, 
> Stub. = Wheat Stubble ‘Sem Scattered 


1.—Hyporserica, anp Sus-CiassEes FOR PRINCIPAL 


= 


Sage to S.= =Sage to South 


4 


recor 
hand 


— 4 
inferi 
| 
| cated 
regul 
cases 
Sage, Wheat [Rab Br. Rice G2 4 and | 
clas 
— 


| the maximum number of different conditions encountered in the land classifica 


juntered in : the 5-ft profile examined. The location of each profile i in F ig 1 

| is indicated on the map of Table 2 by the number of the profile in a circle lo- 

. e cated on the map at a point corresponding to the place where the profile e ex- 
amination was made in the field. At twenty-eight other locations the si 
depth to various materials is indicated directly on the map as, for instance, in 

the south center of the NE}NW? where the small “square” appears, repre- 
_ senting the location of a place where the depth was indicated as 35 in. to gravel. — 

_ At such locations less detailed ‘soil-profile examinations are made than at the 


3 quarter & section (Fig. 1) show that this is a dongs soil of medium texture, ai and the ae 

pography, although perhaps not ideal, is very , good for irrigation purposes. 
Also, there is no indication of future drainage troubles. In the vicinity of 
profile ¢ 6, the classification i is s marked “27,” ’ which indicates that, although the 


of land below 6, marked “‘6T,” is in excess of 15% i in gradient 
and is being classified as non-arable on this account, in spite of the fact that — 
; the soil is of high quality. The classification of the more moderate slope below u 
is “3T”’ and where the slope i is still more favorable it changes to “‘2T. ” Farther 
south, in the Wi of the SW}, the topography and drainage conditions ar : 
sufficiently favorable for classification as class 1, but there are soil deficiencies, 
as indicated by the letter “ follawing; the clessifieation numbers. The 
classification i in the NW18W3 i is class 3 and class 6 because of limited depth — 

f soil above caliche (a slightly penetrable « calcareous hardpan). The land in - 
class 6 is too shallow for safe utility as irrigated land, and the land in class 3 aA 
is deep enough to be | arable but has" distinct limitations because of of ‘shallow pet 

ee Crossing the shallow “draw” and divide, in the S} of the SW}, a low terrace — 
va encountered that i is underlain by clear sand and gravel. - This is classed as . : 


which has resulted in the least seriously affected part being « classed as arable pea 
am 3) and the remainder, where the boulders a are too large and too thick to : 


‘iT he narrow of “2SR” was | 80 classed both becau: 


7 rated in the upper 
3 recorded in Fig. I. Conventional symbols, as illus 
— 
— 
MS are necessary Many — 
sates in order to delineate properly the bounds he section 1. 
It will be noted that in the northwest part of the section 
= 
Ma 5 
a 
— 
— 
4 
— 
— 
— 
— 
marked class 3R and class 6R, respectively, are ma eup 
— 


LAND 


| 


soil ian because of some in the | plow zone which 
ee: _ will need to be removed to permit cultivation. An area of very fine soil and = f 
ae excellent topography occurs in the southeastern part of the section, which is 4 
Another set of conditions is encountered in the N} of the NE}. The 
ie 68 area in the eastern part h has topography that would permit irrigation, | 
Be this land is s classed as non-arable because the soil is a loose sand. The area 
we just to the south, which is marked “3ST,” is in the lowest arable class for both 
— “soil” and “topographic” reasons, the s soil being sand and loamy sand, with a a ay 
__ sandy loam subsoil, and the surface’ being rough enough to require : a rather — 
large amount of leveling. The topography in this area differs from that in the 8 
“3T” area, previously described, by having a rough surface of moderate gradi- 
ent, whereas the first area was smooth but steep. i The area of class 3S to the 
= west differs from the class 2 land which it joins on the south only in being of 


‘eas 4 more limited depth above gravel and sand. The rather steep slope marked — 


is non-arable both because of shallow soil and unfavorable topography. 
Bi The area immediately to the west of the last-described land illustrates the 
classification of three types of drainage conditions. entire | area. meets 


cific 


develop after the adjoining higher’ lands are placed under 
Fahy will be more serious in the class 6 and class 3 areas. It certainly would not a 
be economical to build a drainage ditch unless it is necessary for the class Be 
= area, and in this case it undoubtedly would not be deep enough to protect i ee 
wh aay iY, the class 6 land, and the class 3 land probably would have to be used for pas- _ 
ture. The area of class 28 at the N corner has a slope that would 
fe ae, drainage and that is sufficiently smooth and low enough in gradient to be 
a wAve placed in class 1, but it is placed in class 2 because of the limited dope above — 


The ‘more general types of land as described, 


ave 


* 


_ the basis for project planning prior to the pote stage. The more de 
tailed type, as described for the Columbia Basin, provides information nase z 
[oa sary for detailed project planning, for the allocation of construction assess- 
‘ments, and for land appraisal as required by federal laws pertaining to irrigation . ; 
projects. Much use is being made of the land-classification maps on the Cole 
ra _— umbia Basin | project by land purchasers who are rapidly learning that the in- — / 
ae formation is available. The information provided is expected to become mn 


creasingly useful jas the different blocks are placed under ‘irrigation. 
b 


Beg The system of land classification described, including, as it , does, the elimi- 
a See _ nation of inferior (non-arable) lands from those to be irrigated and the division — 
4 £ a of the “arable” lands into classes on the basis of physical characteristics which © 
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aah including a larger number of classes would provide a better basis for 
- determining suitable crops and farm practices.- The work is made more useful _ 
jn the latter respects than would be the case otherwise by the inclusion of a 
oa record of soil profile examinations on each land classification sheet. _ nas 
i» blo The determination of the proper point of division between ‘ ‘arable” and 
S ‘non-arable” land is not easy and is subject to much difference of opinion. 
Obviously the limitation of the irrigable | area of an irrigation project to ‘‘ideal’’ 
land would not be to the public interest unless the water supply were only | " 
: sufficient for such an area. On the other hand, the inclusion of land in the 3 


only i in loss to the settler and to the construction 1 agency. It. = 
ee safe to include, in the irrigable area, lands of a type that have re- * 
: mained i in continued production on older projects and to exclude lands similar ee 
to those on on eureer marry ween have been abandoned after years, of trial 
Hogi 


ai 


— 
— 
— 
irigabDie area Which will not produce sumcien 
— 
— 
AB 
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ISCUSSION 
R. STORIE, Esq.- —In discussing this it can be stated that 
are getting down to the fundamentals of land classification—the 
nq ae _ As Mr. Johnston has stated, the ability to produce depends to a large degree ee 


world travelers: who have studied the historical development: of 
irrigated agriculture have questioned its permanency. Was this decadence 
due to wars, the loss of soil fertility, : a general lack of capacity of the land to. B:: 
produce, or what? An inadequate inventory of the land resources before ei 
development took place may have been responsible for much of this decadence. 3 oe 
This should be a real challenge to those working in the land-classification field. Pe 
There is more arable land in San Diego County, California, than water, and — a 
oe is extremely important to select areas of land that can be benefited by, and — a 
can pay for, the water. _Agriculturalists are very happy that Mr. Johnston 


4 and his “associates are going into the classification of land so thoroughly, 
: on ag _ because certainly there is no question: but that this work should be done in | 2 
= Consider the question of the so-called specialized soils—those that | may a 
a very few specialized crops. Often these specialized soils will 
ame the carrying charges, and soil specialists certainly agree with the land iS. 
classifiers of the Bureau of Reclamation that the soils which will grow many | “ 8 
« different kinds of crops are the ones that will stand the test of time. It is 

. cause for satisfaction that more rigid standards have been set up and adhered _ 
"ig" to during the 15 years since about 1927. Had the standard of land classification _ 

7 been as rigid 30 years ago, the Nation certainly would have less irrigation 
Projects that stand as tombstones to the memory of unwise irrigation planning. — 
ora aid this work further, investigators at the University of California, in in 

ae Berkeley, have been supplying the land classifiers with Natural Land Type 
_ Maps covering the various parts of the state. The natural land type is a 
land unit having m more or less uniform, stable conditions of slope, soil fie a 


danger because ‘soil surveys are on a sufficient to show 
factors of soil profile, slope, e erosion, alkali ete. 


W EIR, * Assoc. M. Au. Soc. C.E —It was a step in right 
4 direction when the state and federal agencies concerned with the developmen’ 


In #In charge, Soil Surve Soil Univ. of California, Berkeley, Calif. 
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i a : it The soil profile is probably the one factor that is least considered by land a 
classifiers, yet it probably is the most important over a long period of time. 
aa Sg ae _ By all means it should be very carefully considered to insure a permanent 
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| “LAND "CLASSIFICATION 


of new egrinuitaral lands cearuida that, when the engineering pr 
cali water had been solved, there was still the question of the suitability of 


of vital importance : and when properly timed may ! avoid many disappointments. ‘aS; 
It is common knowledge that water has been made available to some lands 


— ‘that could not be profitably farmed even though water were free. Although it Pee 


ureau is not entirely without fault _ 


Considerable advancement has in land-<classification 
_ cept since the passage of the ““Fact-Finders / Act” in | 1924, and of course that 
is as it should be. Mr. Johnston has presented the results of some 18 y years of 


“bas ‘Ths intimates that the pt purpose land classifications is sto 
“mine what lands are arable (using his definition of the word and 


of the recent surveys have not completed pe after 
 iswell under way orcompleted. 


ee 
For many years the University of California, in Berkeley, has 
detailed soil survey and I: land classification of the East ‘Imperial | Mesa in Cali- 


=. an of some 225,000 acres of desert, ‘for which water might be 


on this mesa is an example of poor timing, as it was not until after the comple 
~ tion of the All-American Canal and the Coachella Branch (from which branch y 
much of the land is to be irrigated) that the Bureau of Reclamation undertook x 
_ a land-classification survey. The writer is a member of the Advisory Com- a: 
 mnittee on Land | Classification | for this area and assisted in setting up the stand- * con is 
ards of classification. These followed substantially the system | described | ‘in “ 


The Coachella Branch was constructed with capacity st sufficient to irrigate 


nearly 200,000 acres on this mess. This was based on a a very rough re recon- eas me 


_ naissance soil survey ‘made i in 1920, which would not now qualify as a recon-— ; 


‘naissance land classification” as described by Mr. Johnston. ‘The detailed 
classification completed i in 1942 places the arable lands on the ‘ieee | at a sub- 
¢ stantially lower amount—in fact, so much lower that, had the information been 
available sooner, the construction of a canal of substantially different cross: 

section might have resulted, Although the writer does not have the data 
hand, it is probable that a somewhat | similar situation may be found in th 


Columbia Basin area in the State of Washington. ved 
Sar With regard to the East Imperial Mesa survey, ‘the Advisory Committee 


a was in full agreement on 1 the standards | established, having -in mind the par- 


ticular use that was to be meade of ‘the sift the anenned strongly 


‘ 


— 

ity of the soil is of major importance, the B 

in some of its later projects. As long ag 
to make a soil classification of a Reclama a = 
omaking adiustments in water charges which had been found to be out of line 
ureau vecilamation experience In attempting tO arrive at & Sound Dasis 
.—l 
— 
a 

— 
— 
— 
— 
, fe 

— 
— 

— 

q 
aM 
4 4 — 


< - advied that a detailed soil survey be made either before or concurrently with — 
a the land classification. This suggestion has been followed; the University of ‘ 

14 California cooperated with the Bureau of Reclamation and the two surveys — 
made concurrently, to the advantage of both agencies. 
ohm One criticism that may be made of the land classifications as outlined in . 
“a this paper is that the procedure is such that it can be followed by engineers — 1 
a nies whose training in . soils may be limited. The Bureau of Reclamation personnel _ 

consists. largely of men of engineering training and it has been exceedingly 
eal in going far afield for men trained in other branches of science. Land 
t classification is not strictly an engineering job and, aside from the re reconnais- 
pels sance type of survey, should not be made by engineers. = = a 
Ae ‘The writer frequently has disagreed with the Bureau of Reclamation in its 
ee contention that detailed soil survey data are not directly applicable to its needs a 
ne oy and that the Storie Index for soil rating cannot be applied generally to soils 
‘ oh outside of California because the basic principles used i in the index are profile ey 
. a Closer correlation in land classification can be maintained among different — 
ve areas in the same or different states through the use of the Storie Index and | 
3 R. Earl Storie’s “Natural Land Types” than | by any method with which the 
Za writer is familiar; but they must be applied by men familiar with soil, Land 
: classification, made for whatever purpose, is only a special adaptation of soil 


me upport a contention that detailed ‘soil surveys are not the most 
basis for land classification. This contention may have some merit if the 
ae classifiers a are not soil trained, but it certainly i is not true if a little closer co- co- 
ordination could be secured between the engineer and the soil technician. ail care 
She: It has been found in the work of Mr. Storie e and the writer at the University % 
of California that, the more detailed the soil survey, the more accurately a a 
classification can be made. Their most severe ¢ criticism has come f from 
‘ attempts to make classifications i in the absence of up-to-date soil data. By 
up-to-date soil data is meant a detailed soil survey which not only delineates 
and describes the s soil profile i in terms of its development and texture of fthe 
- various horizons and strata, but also contains information on alkali, drainage, ea 4 
‘ water-holding capacity, slope, and erosion. Many of the aarp soil survey 
iy are admittedly not satisfactory for the purpose, and onl ly the most. 


Tecent surveys are adequate. This condition i is to be expected, however, 


determine in advance. He has never fully agreed with some persons oot 


who have advocated the of drainage v works at the same 
time as the construction of irrigation works. On the other hand, a hes org 


of soil, its age, or profile development, mode of formation, parent material, 
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lication as a guide to irrigability, and his 
is difficult to make a uniform app 
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‘and other dente that may be furnished by as soil survey isin material aid a 


amendment to the Federal Reclamation Act has been to a 
state of precision and usefulness. _ Members of the five-man board of review 
of class 3s and class 3d lands had an opportunity to test the aecuracy an and value : 

of the Columbia Basin project classification in uly, 1941. A similar procedure 

_may be used in a soil survey and classification of irrigation-project lands to be = 

undertaken for the Venezuelan Department of Public Works beginning ap- 

proximately September 15, 1942. PRAMES a 

The usable water capacity of the soil i is perhaps its most physical 

a property in land-classification work for irrigation. The | water capacity of th 


4 soil profile used by plant roots seems to be a more useful ¢ criterion than definite 
q limitations as to soil depth. In successful projects with surface irrigation in 


- ‘neat in soil ‘profile water capacity may be effected by the pie of deep-rooted, 


legumes and farm manures from livestock enterprises. 


at Wz. W. J OHNSTON, Esa. —According to Mr. ‘Weir, a soil ‘survey isa 


oo: basis for the p purpose defined by the p: paper ‘than a land classification as a 
made by the Bureau of Reclamation. There is no rivalry between soil surveys 
and land classifications as defined by this paper. They are two different things. 

- The soil survey i is probably one of the most valuable pieces of work | per unit of © . 
- cost that is made in land studies; but, since it is made for a large variety of _ 


— uses, it provides reliable data for its direct adaptation to a “land classification” aS 


only” when there are occasional changes in soils and where topography ad # 
_ drainage conditions do not enter importantly into the problem. Inlandsre- __ 
_— for consideration in planning an irrigation project, uniformity of this 
‘<s kind is rare, and in old irrigation projects the spotted occurrence of alkaline 
e _ and seeped areas likewise requires that each unit of land be classified directly — 
< ‘in the field where the importance of seepage and | topography can be considered _ 


| 


5 and-classification uses under irrigation but these have not — to be re- “Se 


the of lends 1 in each class cannot be computed with a 
a degree of accuracy; second, topography is considered only i in a general way; 4 
third, drainage and alkali characteristics are: not considered in sufficient detail; 


acement in the proper Jand-classification group. 
— 
ii 
— 
— 
+2 
— 
| _ 
should be preceded bv a rigid Jand classification. This paper agrees closely 
— 
— 
— 
. 
— 
— 
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een selected because of their technical knowledge of soils and usually do not i a 
& have sufficient knowledge of or interest in the problems ‘either of the engineer 
s of irrigation to delineate properly between lands of varying utility for irriga- z: 
farming. Tn other words, to classify land properly for farming, 
a the classifiers must be “4rrigation n men” as as well as “soils men.” WAS oS 
id divated i in the paper, much of the strength of the method dinbadéid lies in its piri a 
-, singleness of purpose. _ The problem is too important to be solved by a sec- | eS 


ondary manipulation of ageneral study. 
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SELF- CHECKING ANALYSIS. OF RIGIDLY 
JOINTED FRAMES 
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a : If the end moments have se estimated previously, the estimate can 
be adjusted preliminary estimate is not essential, however); and 


~ 


Kov 2 Mon — Mwo + Xow. 


n which E = the of the members at 


Nore. —Published i in May, 1043, Proceedings. 
1 Dept. of Municipal Eng. of Manchester, England. 


— 
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| lished relationship between the 
= 2 Mor — + Xor..... a 


a Mon = external bending moment : at end O of member ON (ete. te.); and X =a 
term th that usually appears in the slope-deflection 


subscript ON (ete.) as before, the end O of ON. 


e, X is 


is the distance of its 

i oF Tee of area from point 0; and ‘Sag 

the effective length of the 


“hay Addition of 1 shows that 


Mow + Mor + Mog te 


E 3 Eq. la 
pri tant Yo be bo from E 
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3 ae In Eq. 6, Mi is the external moment acting on the memb 0, 1 the joi int 5s 


4 


under consideration, and M’ is the moment at the ers all erternel 
mo oments | are considered positive: when ‘clockwise. 


“ead longitudinal strains in the members are neglected, the problem of sideniny 


being discussed subsequently as a separate refinement. x 


‘The: use of Eq. 6 in 


shows a simple frame, « carrying a gional load of 3 tons on the beam AB 
‘and a distributed load of 0.5 ‘ton per ft on the left half of beam EF. The ore ‘ 
~ column ends, G, H, and K, are fixed vertically; and the stiffnesses of the ik 
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w per Foot, ate 


On Part Span; and a 8) On Entire Sen 


wat 
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Values of X and the Pized-End Moment M —These ues can 


at once with the aid of Table 1, and are as follows: we 
Xap = 19. ft-tons; 


Mrca = — 4 2.8 ft-tons; M rcer) 11. 5 ft-tons; 


Values of X AB (Table 1) a are used when balancing joint Ay and Xp4 when 
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MOMENT. BALA 
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al M M 
Balance.—The next step is to estimate the end moments at the 


pis good lose sti guided the calculated fixed- end moments, ¢ can 


ti 


15 


3 (Initial Estimates Underlined) 
underlined. m moments are balanced in Table 2, successive approximations 
_ being entered in Fig. 3 below the initial (underlined) estimates. = 

Na In the table there is a column for each member meeting at a joint, and for 

ae each joint there is a my ae column also. Lines 1 to 5 show the first balance 
Meh and lines 6 to 10 the second. Joint A has been considered ae In line 1 
a Xap is zero, — Xapi is — 19.7, therefore — 2X is — 19. 7. The estimated © es 
(+ 1, +, 2.5) of Mpa, Mpa are entered in line 2, giving.2M’ = 3.5 
and 2X — 2M’ = + 19.7 — 3.5 = + 16.2. This value is distributed (line :% 
and Eq. 7) between the members in proportion to their stiffnesses. (There is a 
object in computing distribution factors. Iti is only necessary to set 
DX ‘= 16.2) on the top scale of the slide rule, 
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TAB 


Mem- | Mem- | Mem- - 
| ber | ber | ber | 


+10.1 | +16.2 0 | | -136] +28 


(+04 
5 | — 36 9} -O45 cece. 


+141 
— 14] —2.2 
| +2.3 


2 


Mem-| Mem-| Mem- 
ber ber | ber | 
DA | DG | DE 


5 | +1. +4 |+ 55 


+21.9 
— 88 0.1 

1. . . 0 5.5) 

+2.1 | —2. 6) .... |+ 7.6 


‘Fig. 3. This completes the first balance of joint A, = = | 


Fort the first. balance of joint B, the revised estimate 3.5is used for Ma 


M ep and M cp have been estimated at + 3 and 0, and the work 


LE 2.—Exampie or Comp 
ol mM 0.2 | 
pa! 
| -19.7 | -19.7] | 40.2 414 
Oo | = 29|/+39| - 3.5 4.6 | -0a.| 
Mem-| Mem-| Mem- | ber Fc | FK — 
1}-x} 1 | +4 5.3|+ 6.5 |+22.6 | 7.8 | -3.0| -4.6| j 
on. M’ | +3.5 ~2.0| -30|-6.5| +65 438 +68|-176| .... =15 -2.3 

moments are read over K = 3 and 4 
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MOMENT 
Since DG, 


<a the original estimates were fairly close to the actual, the first balance 


ce gave results precise enough for practical y purposes. However, a second balance se | 


The accuracy of origins estimate does not affect the accuracy 


ey to be pe “results 0 of the same order as those of Fig. 3 can be obtained vith 

(2) The fact that, to a large extent, the work is self-checking is ulate ag 
4 It is easy to check whether the final values of M (lines 5 and 10) at each joint 


. add up to zero, and even if an error is made it is eliminated i in subsequent 
(3) Although, for convenience of demonstration, the joints were balanced | 
a. the order A, B, C, D, E, F, it i is probably best to start the first balance at E, 
proceed i in the order E, F, B, For the second balance some other 
Rater which can be quickly decided by inspection, may be better. gf 
(4) If — 4X and 3 M’ are used in | lines 1 and 2 of Table 3 instead ca 2 
ae. and M’, line 3 will also be half as great, and the total of lines 1, 2, and “ae : 
will be M instead of 2M. Thus the written work for each balance can te a 
u, a reduced by 20% at the expense of a ‘possible source of i ‘inaccuracy, ‘in that "4 


ag must ‘remember each time to divide the values of M’, shown in Fig. 3, by o> cae 


} 


-_-~— 


(a) The term X xX and the moment M ar are all mem- 
Si}. Tees 1054 fet + | 


x (6) Reasonable values are assumed f for the e1 end Brest and are entered 


On The joints are balanced successively with the aid of Eq. 6, mapaine 


at a member carrying a transverse load; bea as 
#1 (d) When one, or more, of the members connected to a joint can be iegurded. . 


as diréotion-fixed ' at the outer end, | the ‘moment must be carried over to that 
Bits? end. If, in Fig. 1, ON is fixed vertically at N, . ‘ 
"In the case of building oes. with vertical loads, X for the columns i is 


zero, and half the : moment at the e top of each of the lowest priyanes, | is carried 


— vr. 
— 
— proceeds as before 
2 M are revised by dividing each fresh estima Moe, and 
& 
is 
aa 
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— 
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— 
J 4 | 
| 
— 
— 4 
— 
— 


With an af loads { in a there is is 


linear displacement of the joints as well as rotation. _ Except i in the case “ 
very simple frames such as the single “portal,” ‘g the e moments due to this im ys 
displacement can be neglected, since they make very little difference to the S 


ae Sidesway Moments of some consequence may be caused by] horizontal wind 


“Toads. _ The method of moment balance can be ‘applied to such cases in 


manner similar to that already described PIT 
Aa __ Referring to Fig. i, if the transverse e loads are omitted and the points N 
ei. Q ‘and R are given deflections Ay, Ap, Ag, and Ar in a clockwise direction 


6EK A KA 


of horisontal are degrees of freedom 
movement, and for each combination determine a set of shears cot —— i 
to a given set of moments. "This leads to the formation of as n' 
taneous equations as there are floors: 
tnethod: is rather cumbersome for more two: stories, and for 
g 
The writer wishes to express his | gratitude to Denis | Matthews, . Jun. Am. 
Soc. C. E., and G. W. Stokes, for their very helpful criticism and advice i in 


r symbols, ‘hie: use in this paper, conform, 


area of a “simply su pported” moment om to 


#“Continuous Frames of Re-inforced Concrete,” b: Cross D. John Wi 
‘Sons, Inc., New York, N. Y., 1932, p. 


pp. 228-233. 
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y representation and approved by the Association in 
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a = of a load from the | left-hand support; 
ieee b = distance of a load from the r right-hand support; ee ey sep 


oa moment of inertia; second moment of the area of a cross section; _ 


stiffness ratio + = sum of the stiffness ratios of | members a 


att L= effective length o of a member, as designated by proper subscripts; 
M = external end moment of a member, designated by the proper sub- 
-o = external moment at the outer end of a member ne 
terms “inner” and ‘ ‘outer’ ends are us ed, respectively, 


ee wee for the ends of a member at, and remote from, the 


w = uniformly distributed load per unit length; 
a term commonly encountered in the slope deflection analysis 
Eq. 3), a subscript—ON, for or example—denoting the end 0 
cas pathogen member ON; X is positive when the moment of the tranaverse 
about the joint under | consideration is clockwise; 
= distance of the center of area of a‘ ‘simply | supported” bending 

bases, moment diagram from the “inner” end of a member (the terms 
ball inner” and ‘ ‘outer”’ ends are defined under M’); 
oad a= = proportion of the effective span L covered by a uniformly distributed — ec 


ae defiection of the ‘ “outer” end of a member relative to the “inner” 
A aul end (the terms “inner” and “outer” ends are defined under M 


« =n arbitrary substitution factor used to simplify Table 2 (line 3); _ 

=slope ofa at any point. 
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for two reasons: First, it a i fame that an picture 


of the structural action involved. Any set of assumed joint moments is 
; adjusted in the analysis to - satisfy statics and the geometry of continuity. 


balance” is 5 n Process. 


in 1 mastering the method, because of the self-checking 


_ ofthe procedure. Figs. 4, 5, 6, and 7 illustrate an example of a moment-balance _ 


: ~ analysis of a three-story frame with fifteen joints. _ The tables in Fig. 7 differ me: 


from those in Mr. Cornish’s example only i in that, for ease of comparison, the 
columns for the first and second balances have been placed next to each other. — 


d ¢ For example, consider joint 3, Fig. 5, as isolated in Fig. 6. The value of 


in this case is is + 81 (or =- 81). The moment, - 19, in 
ig. 7, is computed from Eqs. 5 ‘and 6, as follows: x = 10 «31 — 
17. -8) = — 19. 1. This i is the first bal- 


ance; the result of the balance (see Fig. 7) is 19. 8. units. through- 


out are in ton-feet, and the analysis neglects sidesway. > 
a For a a practical analysis, blanks containing { the outlines of f Figs. 4, ‘5, an 


each of the load combinations that produce maximum moments. 
The writer wishes to record his thanks to Hardy Cross, M. Am. Soe. C. E., 
for permission to include in | Fig. 7 his system m for designating members by 


— 
| _ 
a 
4 2 ‘ef 
aed 
— 
— 
— 
— 
— 


a 


om 

Meh 


7 


Ton per Foot. 


oad 3 


y) 
y) 
4 
4 
y) 
y) 
y) 
y) 
4 
y) 
y) 


= 


per Foot 


«Ton 


ily 
— 
— 


4 


al 


| 


1.05 X= +81 26.8 


wl 


we 


a 


2 6.5 | 6.6 


= MATTHEWS 0 ON MOMENT BALANCE 


= 
4 
16}18 


—>| 


© 


Fic. -BaLance Desies 


| 


| 


— 


eg 

ln» 

— 

|| | | 

1 4 6.0 54 14 7 92 10 2) 43 4.3 | 4.1) 41/107 

— Lt 

- 

BE 


07 


| | 


| 


al! 
| Ed 


ILLIAM A. Esq -—Much has written pest few year 


This paper a moment- distribution method which i is a direct 
cation of the simple slope-deflection equations. For the more or less simple 

frames involving no sidesway the method appears to have an advantage. 
has been shown that the -slope-deflection | equations are convergent in char- 

i a acter—that i is, they may be solved by as series of successive corrections. 7 The Baal 
7. aon author presents the equations in such a way that the “rate of convergence” of aim £ 

ae the assumed moments to the actual moments appears to be ‘rapid. This i is the moe! 

La main feature of the | paper. If it is shown definitely that the convergence is 
rapid even in case the frame has large differences in K-values for the different 
nae members, this method should be recommended. _ A quick check by the writer 
seemed to indicate that such is the case. . This method does not, however, pre- 

sent tools enabling the designer to solve any new problems which are difficult. 
5 % Be _ now, or to solve frames more easily than by the regular moment-distribution 
4 ah methods. Its advantage v will be in n the to total time required to work a frame. 

Where a frame will balance in 3 or 4 corrections by the regular Hardy Cross 
method, this method will have no apparent advantage. = ep. wa 
That “the arithmetical work is almost self-checking,’ @ very desirable 

w feature, is obvious although it is not unique to this method. The other 


-moment-distribution methods may be worked 80 as to be almost 


+ 


we equations from which the terms involving ° variable moments of inertia as well — i 
as the deflection ofa joint (sidesway) have been | omitted . This method in its 


= are so in practice today, and is, 
_ In the regular moment-distribution methods now used, correction for bs a 
Ry sway can be incorporated in the ordinary procedure. To some it will be a dis- 
advantage t to change from the author’s method to some other to obtain side 
sway corrections. There is extra merit to a procedure that covers both 
regular moments and sidesway moments. Many designers are still looking 
pede for a method od to analyze, quickly, unsymmetrical frames having members ah teal: 
variable moments of inertia and subjected to sidesway. 
hai _ The author is to be commended on his clear and concise presentation. bs a 
A. Eremin,’ 2 AM. C. E.—Distribution of moments 
4d in rigid frames or continuous beams is an interesting problem in the analysis rs 


ee of statically indeterminate structures. In the past few decades numerous 
analytical and graphical methods of distribution of moments have ihe 


gee ea developed. The methods are based on the same well-known principle of the — 
* Associate Engr., Bureau of Reclamation, U. 8. Dept. of the Interior, Denver, Colo. 


Cot 7 Bridge Bridge Dept., Div. of Highways, State Det. Public Works, Sacramento, 


er, 
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__tions. For any new presentation t 
au e of value, a definitely more desirable 
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— quent balances isimportant. 
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deformation of an elastic loaded with ‘the moment ‘area fr the 
3 given loading. ' 
a and the merit of the methods: varies | with their simplicity and the saving of c 
time and effort in their application to | practice. 
ee ni The slope-deflection equations for the distribution of moments converge 
rapidly. Therefore, various attempts have been made to develop: algebraic 
equations that will reduce the number of steps in the computations. 
bus he reduce the balancing operations the author, in Eq. 7, assumes the a 
value of M’. . To select a suitable approximation for M’ is not always ¢ a a simple — 
matter. Often it requires. preliminary analytical computations | or graphical 
constructions. The assumed value of M’ may vary from its exact value not aoe P 
only in ‘Inagnitude but also in sign. _ ‘The operations with the assumed value ae ie 
of M’ may take ‘more time than the additional steps required to balance the _ 
Considerable difficulty i is involved in computing the moment area and its 
enter in Eq. 2. This is especially true i in relation to the beams 


method of distribution of moments 


center of moment area in the graphical constructions was an Sisaiant reason 
why the graphical method could not find wide application, and preference is 


generally given to the algebraic methods based on the fixed-end moment 
distribution. It is quite possible to prepare the tables and diagrams for @ ; 
ONS OF 


of ‘moments in Tigid frames or continuous beams has an 


LoL 


__ Therefore, the author i is to i 


q 


Pie 


presents. a method of successive approximations for analyzing rigid frames for 


fixed loadings. It should “be noted distinctly ‘that the ‘procedure is one of 
= Successive approximations | rather than a method of successive corrections. 
= In this feature, it is different from the Cross method of moment distribution _ 


which has been emphasized by the writer r as a convenient tool of analysis. 


Nevertheless there are several oints in common between these roe 


th the author’ paper | the working { formula (Eq. 6) i is M= -= 


is is ‘decived ‘from the slope deflection equations. This may lead some 


‘readers to misunderstand the background of the method, which is not the use 
4% slopes and deflections as redundants. - This will be evident if the working — 


_ "Moments i = Restrained and Continuous Beams by the Method of Poin L. H, 
 Nishkian and D. B. Steinman, Transactions, Am. Soc. C. E., Vol. 90 (1927), p. 


and Dean, Graduate School, ‘Milinois Inst. of 
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7 _be commended for his contribution toward the improvemel —— 
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of the physical action of the structure in Fig. 8. = moment at the end O of. aA 
oe member OR may be obtained as the > summation of the @ carry-over effects — 


at that point of the applied at LR (that is is, and the 
fixed-end moment at the end O plus the balancing moment at O forthe member 
OR when the joint is allowed to rotate. _ Thus, without reference to sign, one 
+| + 2Mr + = 


3 


> 


3 


ious In Eq. 11, the three eee enclosed in brackets will be found to correspond 
exactly to the author’s definitions of the three terms of his Eq. 1. Signs, of % 
+ course, follow automatically if some such rule is adopted : as “ “a positive moment ag. an 
, bs sail After Eq. 6, or Eq. 11, is established, the ses 8 procedure i is simple = 
__-- onvenient since it permits the operator to shorten the convergence by exercis- 
i = ing his judgment. E In many problems, i it is true that the final moments can be 
‘guessed”’ with reasonable accuracy, and these become the first M values 
iy Eq. 11. The values of Mr and M’y, being fixed-end moments, are known ¥ 
_ exactly. ‘Evidently, all values of M can then be computed by repeated ae 
of Eq. 11. _ It must be realized, of course, that a given moment is an M ~value 
for that point but an M’-value when the moment at the far end of the member _ 


et. is brought clearly into view by eliminating the t unnecessary terms X + a 


ie and x. On the other hand, it lacks the close association with the deformations ~ 
the structure that i is sa ¢ evident it in the Cross procedure. 


Siig since a term such as the author’ s X or « is not an individual moment but a 
of a number of moments that are best selected from | a well- 
table. The writer tried the other Procedure o of writing all moment 
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‘This method of analysis has many points in its s favor, particularly ift 
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ON MOMENT BAI ANCE 
terms upon an outline of the structure but found it not entirely practicable. . 
_ Also, there were a great many more terms and many more nore calculations than are 
involved in an analysis by the usual method of balancing moments. re). a0 


estimated so accurately that one revision 
- necessary, the method might be faster than any other in common use; but, if 

the method is for use by inexperienced designers, several revisions of moments — Vi as 

be necessary and the procedure will be rather lengthy. 

_ The self-correcting feature of the method deserves comment. Since this . 

of successive approximations, an error in recording a moment will be 

a corrected in the succeeding revision. In this direction the method has merit. se 
_ The check of 2M = 0 at each joint, of course, is not an independent check _ 

_ because this tool is used as one part of the procedure of analysis. — An error 


in computing a fixed-end moment, in computing K or DK, or in sign may not be a 


4 


discovered. In these computations, care must be exercised, as always. 
i +The writer suggests that this method should be given the author’s name 
because the title “Moment Balance” or “Balancing Moments” has been usec 
i for years as an alternate to “Moment Distribution” to designate the Cross 
method, or its variations, based upon successive corrections. 
J. uN. AM. Soc. C. E. balance” may be 


“are » countecclockwine at the ends of the member. Let: (K ial p = stiffness at 
_A when B is free to rotate; (M;)as = fixed-end moment at A when B is free Se 
to rotate; and Can = carry-over factorfromAtoB. Then = = | 


+ Cpa Mpa + ba 


= = + + CxaMxa] + 2(Ky)ax 
te The procedure { from this stage follows the outline ‘set up by Mr. Cornish: 
- (Mj)ax is computed; Cra Mxa is approximated and used in Eq. 12c to find 
vs $a; ; and ¢z is then used i in Eq. 12a to find the moments at joint A. ad oie a 


such members, 


4 when (Myr)as = modified fixed-end moment and (Ku)as = modified stiffness. i, 
ee Since Eq. 13 is of the same form as Eq. 12a, it 1 may be used whenever ~ 
“convenient as a substitute and relieves one of estimating BA | before M. AB 


| 
| . 
ii. 
— 
— 
— 
— 
3 
— 
— 
— 
— 
| 
— 
ae. — 
— 
i. 
— 
an 
is. 
| iim 
— 
— 


‘The thombnte’ at the far end of such fou nd, u 


common members, data compiled for use with the moment- distribu- 
q tion method can be modified to evaluate all the terms used in Eqs. 12 and 13. ae 
oT For uncommon members, , they can be evaluated from the properties of the proper 
Cornish’s ‘method provides a a check in one ne cycle on answers 
4 7 i by any method. To the writer, this feature alone seems sufficient reason for 


4, engineers to learn the principles of “moment balance.” 
= Freperick 8. Merritt," Jun. Am. Soc, C. E—The method of analyzing 
@ontiinuous structures by moment balance has two main features to recommend 
it. First, by y enabling designers to estimate final moments, considerable work 

eo” may besaved. Second, its self-checking character may also save time, in that 4 
4 . errors may be either immediately located or neutralized by further balancing. | 
Accounting for sidesway moments is as much of a handicap in other methods" 


i 


_-—— The method of moment balance may be applied in a somewhat different — 
form with the advantage of ease of generalization and saving in computation. 
Let: a = six times - rotation at one end of a simply supported beam of unit _ 


58 length and least K= rt Se 1 due to a unit moment applied at that end; 6 = six - 


i times‘the rotation at one end of this beam due to a unit moment applied at the 


a = _ other end; K = the ratio of least moment of inertia to span length; M = actual Se 
<" ¢ end moment minus fixed-end moment; and ¢ = the rotation at the end of any Rip 


beam. Clockwise moments will be considered positive and counterclockwise 
a moments negative. Then, referring to Fig. 1, i general, neglecting deflection — 


8 Mow = Boar Maro... 


E Koo ¢o Go ° = Mog — Boe Meo. 


Kor $o = oon Mor — ~ Bor Mao. Ma) 


Divide ech equation by its value of ao and let and C= 8 
‘that C is the « carry-over factor toward for the it as 
ended. Summing Eqs. 14 yields: of het he 
a in which M’ is the change i in the fixed-end moments at the far ends. Since 


=Mo = (the sum of the fixed-end moments at O due to loads)— 
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TABLE 


Quantity 


ber r ber ber | 


eee 


ber | ber | ber | ber a... 
ED | EB | EH} EF | 


‘ 
—11.5) +11.5) +5.2) .... 


Substituting Eq. 16 in Eq. 14a: er 


are obtained by adding the results of the last balance to the fixed- 
For beams of constant moment of inertia, Eq. 17 becomes: c 


= } My vo — 2M" o + 42M’) = 4M; — 
ON Fo 
Ko + 42 2M Mg 


ry estimate. Joint A was balanced first. 
~ One half the Spe ase at the far ends was recorded for AD and AB and the sum es 


laced under the sigma. This sum was then added to the fixed-end moment 


Lal 
“aio M’ +05 | +01 | +06) tea | 4081 — 
£4 
‘ber | ber [ber | > 
Change +1.0 —15 $0.5) .... | $3.5) +3.5 20 12 
a | — 
see Table 3), The same changes in fixed- 
_ 
iii 
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da this case zero), and ‘the result, entered in Table —— was s distributed, with 3 
sign changed, to AD and AB in proportion to their K-values. The change in ee. 
e the fixed-end moment was obtained by adding the two values entered for 
= each member. If the final moment were desired at this stage, the addition A 


ed would include the fixed-end moment, and the change in moment would not be — 


ve" 


_ It will be noticed that at the end of the first balance agreeing 


The method of moment bal balance has the in practical 
as other methods of analysis by converging increments—that i 
Bs in locating loads for maximum moment. Because of the unknown end condi-— 


tions in interior spans, it is difficult to these methods to 


Rau W. St STEWART, 122M. Am. S Soc. C. E.—The “Synopsis” of of this 
states that the trial and revision procedure v which it describes is rapid and 
that the arithmetical work is almost e entirely self-checking. These claims are 
attractive and led the writer to with the author’ s demon- 


—Com {PARISON oF Four INDEPENDENT (see Fig. 


te 


Effect of fixed-end moment, AB. 
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* ae apie Table 4 shows the results of three independent solutions of this problem, 

q Ss as well as the final moments computed by the author. " For the practical — 


‘7 aos design of a building frame of this type it is necessary to consider various com- 
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binations of loading, including wind or loads. This requires that 
the frame be solved for the effect of a fixed-end moment at each of its joints. _ 
‘The first solution in Table 4 gives res the effect. of each individual fixed-end > 
- moment and is carried to an accuracy of 0.01 ft-ton. This first solution was 
_ performed without the ne use O of simultaneous equations and without the use > of 
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_ The solution by H. O. Springer (see Fig. 9) was performed by conventional _ 
end- ‘moment distribution in 501 min, including the time sree wma to make = 
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vhich is of the sa 
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author's required only 15 min after ‘the sketch sh 
‘The author deserves credit for having made a scholarly investigation of the ee! 
Be Eck analysis of rigidly jointed frames. However, between the superior speed of — 
the conventional end-moment distribution solution and the superior quality — a 


_ of the first solution in Table 4, it appears to the writer that the author’s method © 
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4 ‘It shee —_ be mentioned that for one-story structures t the “quality” type 
aa solution will be considerably faster than either end-moment distribution or a 
G. Sroxes Esa. of the most useful applications of 
Cornish’ 8 ‘original adaptation of the slope-deflection formulas occurs in ‘con- 
with moment calculations for “ordinary building” frames.“ No defini- 
. tion of such frames appears to be available but, no doubt, essential f features are e- 
that the beams shall be prismatic (or that the inertia moment of any haunch, 
% _ considered as a rectangular section, shall not be greater than the assumed 
inertia moment of the midspan tee section) and due to vertical 
number of moment for a complete ‘multi-story building 
ia _ frame is usually large and is magnified by the alternative arrangements of = ; 
superload which give maximum moments. Since the relative K-values arein 
# oe M the first place unknown, it is common practice to proceed by means of intelligent 


approximation of these values, based in the first place on consideration of fixed- 
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these preliminary ‘estimates of ‘moments it is doubtful whether a any 
method has been found, or is likely to be found, than single-cycle distribution 
) oo and carry-over of individual fixed-end moments for dead load, summation of © 
moments and further summation by the addition of moments for alterna 
superload by proportion from the relation of 
FA It is in the final stage of calculation, which follows the preliminary estimates, 
ai oe that the characteristics of the “moment-balance” method appear to be most 
“2a valuable—namely, rapid convergence, simple tabulation and ease in checking. 
aS cen The method i is somewt hat lengthy if several balances are required. . Iti is im- 
ae eS portant, therefore, that the estimates of the M’-values should be reasonably 


‘By th the insertion, in their appropriate columns, of the M ‘-values and K-values 


4, 


point in favor of Mr. method, fe many designers, will its 
*2 clear derivation from the well-known slope-deflection formulas. The substi- 

: ras tution of values in formulas is a practice well established among structural engi- 

. “® neers, a fact which no di doubt explains the many efforts to express t the processes 
reae _ Anexample of a section of a simple building frame i is shown in Table 5. The 

_ M’-values and K-values are those obtained by previous approximation. Check 
ef calculations made by the usual slope-deflection and full moment-distribution — 


: me ~ methods give results practically identical with the M’-values shown i in Table 5. 
ee necessary summations are common to any method and are not given. Me 4 


Bruce JAMEyYson," Assoc. M. Am. Soc. C. E.—To evaluate properly 
Sa eee the relative merits of the new | Cornish Method of Moment Balance the fact’ 


should not be overlooked ‘that the Cross Method of Moment Distribution 
Be _ will accomplish nearly the same results’ and, in addition, as stated by the 
tf author, will include the sidesway feature more readily for complicated frames. 


ak When ‘starting | with the correct answers, moment d distribution will balance’ 
most. types of problems i in one ‘cycle, thereby partly checking these answers. 


_ If the answers dre incorrect, one cycle will so indicate and usually will show 
Ws the approximate location of the error or errors. — ‘Errors will be corrected in 


- one or more cycles. If fair starting \ values are assumed, convergence is rapid. E. 
The accuracy (decimal Places) of the trial answers be increased. 


statements apply | equally well when sidesway is To 
= the author's example i is worked by moment distribution, using his 

—Consider the example and frame shown in Fig. 2. ‘The com-— 
— in Table 6 are almost self-explanatory. Joint rotation moments iZ 


fe: “2 ne For example, see ‘Recommended Practice and Standard Specifications for Concrete and Reinforced Ux 
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ae Concrete,” Rept. of the J om Committee on Standard Specifications for ae and Reinforced Concrete, 
pl hs Proceedings, Am. Soc. C. E., June, 1940, Pt. 2, Appendix 2, p. 110. — 3 
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(M p-values) were computed for ‘the six upper joints, using the author's as- 


sumed starting answers in he — and fixed-end moments (F-values). srl 


Mas +4 Mon answer — 3.0 - 


‘Solving, joint rotation (M p-values) are: 


“These two moments are controlling moments rotation of joints and 


- 7.46) 4. 48 


— 


= 4.04 = 3.23 


= 2 x 4.04 


“method) these joint not be computed, as in in ‘Table 6, but would 
be guessed directly instead of guessing ‘the trial answers. Some work thus _ 
would be saved. _ Also, little would be gained by attempting to guess joint 
rotations at joints C C and D, which are far away from any load. ‘This, then, 
becomes simply the general application of the : arbitrary joint-rotation, short- 
cut method treated by Professor Cross and applied by him to a@ very cea : 


be in with Telative ‘Sstiffnesses (K-values). 
fundamental definition of stiffiness—that is: “The ‘moment at one end of a 


(or free) and with no relative end deflection.” Carry-over factors from these 
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rotation moments (Cr) must be applied to opposite ends of members thus | 
rotated. Note that, for member BA, F + Mz + Cr = assumed estimated 


starting answer. Table 6s shows “Close: answers at end of fo four cycles” (work 

of third and fourth cycles not shown). ps "These answers are correct to a maxi- 2 

The following. facts may be noted: 


@ At the end of the first cycle results by sideman balance are more accu-— 


_ ?“Continuous Frames of Re-inforoed Concrete,” 
Sons, Inc., New York, N. Y., 1932, PP. 228, 220,and 230. > 
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Distribution poh. | @ . 286] .... 7 0.625 0.375) 
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Fixed-end moments, F.| .... | | .... 
tions, Mr . ; +4.04¢] 43.23 | .... | +4: 
_ Carry-over Crd —3.73 —0. -0. 50 
Balancing moments, B.| .... |+0.43 |40.72 | —1.20 - 96 


Carry-over factors, C..| .... |40.08 |—0.60 |+0.36 | —0.52 —0.33 | —0.58 
> Balancing moments, B.| .... +6. 20 +0.32 +0. 18 +0. 14 +0: +0.28 +0.16 


at oud of two 
cycles 
Closeanswersatendof| 
four cycles 
Author’ 8 answers at; 
end of two cycles. . 


At the end of the second cycle both yield of about the 

same accuracy (nine differences of 0.lineachcase)) 

(c) Original starting answers (moments) have been roughly and 

a errors and mistakes in these starting answers have been corrected. pas 
age (d) The computations (except the original answers) were ia by ‘slide | 

to two ‘decimal places, thereby i increasing the accuracy of the four-cycle 

answers. _ se Some of the computations by ‘moment balance could not have been 

obtained to this accuracy by slide rule. 

(e) One cycle of moment distribution, other than the first, involves smaller 

numerals and less work than f for moment balance. The first: ‘cycle of both 


methods involves. roughly the same ‘amount of work when M p-values are 


guessed, in moment distribution, instead of the answers. 
ne In this problem, sidesway corrections (fixed-end moments f), if desired, ep, 

; would be added | directly after the carry-over values and would be based upon 

a the subtotals at this stage." In either case, if the starting answers were - 
correct, all balancing moments would be zero, and the first and only cycle , 


a partly check the assumed answers. The f-values, for this problem, - 


__ “Lateral Loads and Members of Variable Section,” by G. E. Lange and C. T. » Morria, B Bulletin No. 86, 
Ohio State Univ. Studies, Engineering Series, 1931... reer, 
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‘Btiffness factors, K.... 
Distribution 
factors, Cc. ‘ 


0 |-1.0 -3.0 |+10.0 |-40 |+2.0 


wan 
- Fixed-end momenta, F. 


Balancing moments, ). 1 —1.54 


Carry-over factors, 40.22 |-0.77 | +0. +0.30 |-0.77 |-0.20 | 


+6.25| | | 40:61 


“eycles 3 |-1.05 |-02 |-3. 6 | +8. pte 
cycles 


* Controlling moment for joint. 


so easily that there usually would be little excuse 


‘field of structural a 


It does not involve any intermediate assumptions that are not in accordance - 
with the actual structure. Thus it avoids the complication of locking a: nd re - % 
leasing the joints. | _The paper is a valuable contribution to the subject for the 


‘2 


‘Dat of Building, College Manchester, England. 


| ANSWers, BU .1+2.0 |- = i 
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7 
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And of two cycles. |+1.3 |-1.0 |-03 |-a4 |-18 
= 
on, at least in so far as the solution of the author's particul | 
concerned The writer be a permanent place a 
— 
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3 3. Iti ‘is considered to be an advantage that the resulting calculations are not 

_ written « on the frame diagram, but are written in a table considerably ea: easier te -= 
* arrange than that of moment distribution for a complicated structure. — It we 
avoids the addition of the results of successive stages, which in moment distri- ee ; 


ANE bution involves the summation of numerous quantities of opposite sign. wre e 
a a, 4. As the order of the “‘balances” is unimportant it is possible to concentrate ma 
on those parts of the structure where given loading produces maximum effect. a 
4 Rak: +b It permits the e : experience ed designer to minimize work by inserting intelli- ae 
a gent forecasts of the desired results, whereas less experienced designers “4 a 
obtain equally accurate results with slightly more 
: 6. A few simple examples that have been solved by this method suggest that 2 ¥ 
without | experience the it laborious and quicker than 
practical user will probably that at each successive stage 


the required moment is seen clearly without resort to summation. ~ 
8. Although the method, as published, does not directly accommodate 


lea for a simple frame, which the writer had previously pained, for comparison, — 


Morris,” Eso. —Mr. Cornish a appears be justified in his 
= to have established a method which is self-checking, and which gives 
uite a rapid solution of rigid frames. The writer tested the method on several ee 
i using assumed end moments } which were obviously a bad guess, and i 
even used moments of the wrong sign. It was found that three balances gave a 
_ results which were sufficiently accurate in the worst case of assumption. eal . 
- It does not seem necessary, however, to calculate the values of X by use 
ye), of the formulas given in Table 1, as the fixing moments can 1 be used directly for — 
ms this purpose. To avoid the excessive amount of arithmetic which appears to be 
involved, the writer suggests the following form of ‘solution. which will, 


2 commend “moment balance” to those engineers who a are familiar with mS 


the moment distribution form of solution. For example, Eq. 5 may be written — 


This thditen tls | a process similar to moment distribution as follow 


Ps (a) Assume moments at the ends of the members remote from the joint or “4 

(b) Carry half these moments over to the joint; 
(©) Sum the latter together with distribute to each mem-. 
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Add the results obtained to include for those 


_ around the frame as shown in the paper. <j Iti is to be noted that the values “a 


* for each end of a loaded rhember can be obtained fi from the e fixing moments 


by carrying over to ‘the far end half the moment of the near al and changing 
bev Sum the results to — > for each end. 
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prefera 


ph although, for a a , building | frame » designed by: loading Ba hau one span at a ame 


to, give maximum moments, two values only are required. This means that the 


values of igs included in the | balancing twice, as Eq. 20 reduces to 


a The process is s illustrated in 1 Fig. 11 on which values of — — 
kept clear of the calculations and the assumed moments have been written at 
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side of the table e. The is that used by Mr. Cornish and the 
results at each joint are naturall y identical with those of the author, who shows 


they “gelf-check." 


if 
im 

— 
— 

— 
#3 


MASON (oN BALANCE 


without and beams of course, can be used forhsunched 

beams when the fixed-end moments and stiffness values have been ascertained. 
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JouN 


. end ‘moment, and it will be shown that it can be re-used just ene bi the a 
moment balance as the new expression. wh 
(2) Any saving in labor by this method depends on a reasonable initial 
estimate of the end moments which, it is submitted, is more than offset by the — & 


of working methodically to the result by methods not depend 
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4 1940, an alternate solution of the example given in Table 2 (using the same a 

convention and notation) isgivenin Table7, 
___- The essential feature of the method of allocated moments consists in finding 
2 the angular rotation of the joint or, for convenience, a value — the 2 ele 


toit the nad! «i doidw ed bait 


a to the stiffness of the mei at that joint. The allocated moments are the — ie 
oa same as the “carry-over” moments in “moment-distribution” methods. In a 
ts the: concise method on which Table 7 is built, however, the moments totaling = 
a: 7 (allocated to joint B in the first allocation) are first added to the fixed-end _ 
a moment, +2.8, and the sum, -+6.5, is allocated in bulk to the adjacent joints. 2 

Once the rotation 1 of the joint has bese established, , the end moments follow ‘ et 


Joint momenty 


= Myo = +4E Kyo on + 2E E woo = 
+ Kyo x Joint momenty Kon. ., Joint momento 


xX - 
or, in general, 


Now the : sum of the is 


‘The rothod is therefore self-checking 
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complimentary term 
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radiating from that joint — 
ing algebraically to this value a series of allocated moments, each 2 : 
: moments, each allocated 
; .—l 
— 
— 
4 Mon = Mrwon +4E K — 
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“MASON 
F3 agih It should be noted that, since the rotation at : a er end is zero, there i is” 

Es, no allocated moment from a fixed end; hence, the entries in Cols. DG, EH, and 4 


# aa Applying Eq. 24 to the moment balance system, the allocated moments __ 


= 2E Kyo on first added ‘algebraically to the e fixing £ 


“p> 
moments to find the joint 1 moment, which i is then balanced. If, on comparison 
of 4 E Kno oy with =2E Kyo the solution i is not sufficiently ac- 


bu The computation is now as in Table 8, the order of ing 


joints B, D, F, A, C, and E and the initial for being obtained by 


4 a balancing the fixed moment directly. Thus, +8.4 from joint A balances into — 
AD = +3.2 and AD = + 5.2. The initial estimates are underlined 


Table 8. Values from the revised estimates have been used as soon as found. 
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of o oO} © | 5| +52} 0 | 
+1.6| 0 | +16) -07)-09) 0 | - 16 +1.6 

+4.2) +2.8| 43.5] + 42 

+3.5| +1.9| +3.5| — 8.0 


| | -11.5] +52] 0 
-09|-11| 0 |-18]- 38] +04] 
+2.9| +3.6| + 4.4] +15.3 


+3.5| +3.6) — 8.9 -2. 


of} o | -11.5] +52] 0 
+22) +41) |-18]- 39 +04 
+441 +2.9| +3.7] + 44| +154] -3.6| - 


+0.3} ... | $3.5] 41.7] +3.7] — 89] .... | +38] 


oad It will be seen that, although the second balance is quite close enough £ for 


- practical purposes, the calculation has been taken to the third balance as a 
4s check. It also will be noted that the values in the moment balance (Table 8) 

> an 


nd Zz are in all ca ases s the same as the sum of the figures at the ‘oittiagiialt 


allocated moments in any one 
e column are i sialon of the same sign and thet the joint moment, therefore, i is 
always increasing in absolute value. _ This would not necessarily be the case 
The outstanding merit of the method suggested by Mr. Cornish is that ie 
tt snihles a very rapid first approximation to be made of the moments at a 
joint in terms of the members immediately adjacent to that joint. It is of we ? 


great value in the initial stages of a — and perhaps at a time when eal 


we 


— 
—_ 
— 
should be pointed o 
e example taken is a very simple one 
— 
Any such approximation can also be checked and 


the It is submitted, however, ‘that the i introduction “X" is is 

Although it is admitted that members remote from the joint under 
tion only affect the moments at that joint in a secondary degree, clearly any 
method which achieves quickness by discarding certain factors must be limited 


ae ‘structural frameworks, methods of successive approximation which had proved — 
successful i in the study of flo flow in networks of pipes.™ Intl the latter case, there 
. tee are two basic facts: At a given junction the head is the same in all pipes; and — 
ff 4 the total quantity entering equals the total quantity leaving. In a rigid frame eo 
at any joint the angle of slope is. the same for all members, ‘and the sum o} of ee 
positive moments equals the sum of the n negative moments. Here the analogy 
appears to end. There seems to be nothing in a structural member which - 
a corresponds to the flow of water through a pipe, and it is difficult to visualize 
“a a moment “entering” 8 frame as water enters a pipe network. The quantity X — 
was an attempt to represent the application of moments to the frame. - This B 
approach probably explains why the writer failed to notice that can be 
simply expressed i in terms of the fixed-end moments X =- Mr Fr + M'p 
ae he is indebted to Professor Grinter and Mr. Morris for ‘making this clear. 
= Table 3, by Mr. Merritt, in which the term X does not appear, might well — 
“2 Supersede Table It is preferable to that ‘suggested by Mr. Mason, although 
it is useful to have his variation on record. oO Lip 
Messrs. Aleck and Merritt have adapted the method to of 1 varying 
a ze ' section, thus answering an objection raised by Messrs. Larsen and Eremin. oe 
Messrs. and Morris have e shown that the calculations can be tabu- 


one, 
but the time in checking work, and i in suspected mistakes, | 


ee should be taken into account, although it is hardly possible to estimate a Fe: 

: EF. 3 Any one who has had the task of checking a frame computation knows the 1 
; Bee labor involved and the difficulty of deciding whether ‘discrepancies : are serious. : 


: , te Messrs. Aleck and Stokes both refer to the value of moment balance in this — § 
--—- ¢onnection. It has the merit of indicating t the magnitude of renee in addition ge 
ee The self-checking feature of moment balance i is an advantage | to those engi- 4 H 
neers whose arithmetical accuracy is not above reproach, and for any one there E ee 
aa is less mental strain when this feature is present. For the same reason the ae 
additional written work on which Professor Grinter comments may not be 

——- a disadvantage. As he remarks, it is partly because this i is a method of S 

approximation rather than of successive correction, and partly 
because operations which would be in other methods are 


Fe As. — of Flow in Networks of Conduits or Conductors,” by Hardy Cross, Univ. of Illinois En; = 
tation, Bulletin No. 286, 1936; and ‘ Flow i in etwor s of Pipes,” by R. J. 
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E, and L can be known ‘The important thing i is to 


Mr. J ameyson’s adaptation the Cross of {analysis to the 
of initial estimates is interesting and valuable; it may be that the most useful — 
service the paper has rendered was to provoke this contribution. 
ao | A defect | of | moment balance, as presented in t in the paper, was t that correction 
sidesway was awkward; this difficulty has now been overcome. 
_ Section 5 of the paper outlines a method of computing sidesway moments 
involving tl the solution | of as many simultaneous 3 equations as there ) are | floors. - 
- This makes the method unsuitable for general use. This limitation was sug- ae 
gested by Messrs. Larsen and Bowles. In the following procedure, this disad- 
x vantage is eliminated. _ Each story is given an arbitrary initial deflection and 


q the resulting moments | balanced with: the help of Eq. 10; the deflections 


sidesway moments. repetition of this process usually given 


As a simple example, the of Fig. 2 will be analyzed for the 
forces shown in Fig. 12, With 1.5 tons at A and 2.0 tons at D, the shears in ie 
upper and lower stories are 5 tons and 3. 5 tons, ‘If ADi is 15 ft 


> 


remains straight line. (This is close truth. for ‘tall, regular 
_ frames,” although in this example it is far from true; however, the error a 


eliminated rapidly. ) Then, if Ais the | ‘Telative isplacemer nt of the top | and 


of a column of L, same value each story, and the 

Since 


at first one is e205 with relative deflections, iti is convenient to begin 


LE qual to K. The slope deflection equations ‘show thst, a 
wile the ends of a member are deflected without rotation, the moment induced d 3 
———— ; the initial column moments are » therefore 1 aa the 


"stiffness ratios K. B _ These are entered i in n Fig. 12 beside each col column, and are thus 


mg te writer cannot agree with Mr. Stewart that the first method of Table 4 a _— = 
gives results of superior “quality.” Any method of successive approximations 

¥ or successive corrections can give results to any number of decimal places “oa 7 
provided that enough balances are made; but few designers think it worth while 
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as a joints. Since the frame is symmetrical, only one half of it need be considered, - 

and moments needed in the right-hand half can be inserted by symmetry. 
‘Theory of Modern Steel Structures,” by L. E. Grinter, Macmillan, N 
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tion takes place. The balance could be started from the K-values 


entered, but time is saved by a rough preliminary adjustment, reducing the a 
as, moments of the outer r columns by rather more than those of the inner columns. 4 


a in which case the moment at that end must be altered by half as much as the oe 
_ moment at the other end. For instance, when Mpg is reduced from - mm Ot 
—3.0, Mep must be reduced to —3. Tb 


60} 
an 


After the preliminary column moments have been selected, the 
_ ing beam moments are entered in Fig. (12. These rough estimates have been — is 
ati to show that they form the start of the balance ce. einocagin. add 
The balance closely that in the paper, except that Eq. 


is used instead of Eq. 6, and, thus, in Table 9 9, takes the place of pS . ae 
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CORNISH ON MOMENT ‘BALANCE 


: we F sda D was first balanced: As in the paper, M’ refers to moments at ends a 


‘of members remote from D—that is, Map, “Mpp, and Mop. The items in i 
lines 1 and 2 of the Z-column are added with the sign changed, and the result 
(48.5) is distributed to the members in proportion to their stiffnesses. 
- values in lines 1, 2, and 3 are added to give line 4, which is divided by 2 to give of 
Mpa, Moz, and Mpg (line 5). The values are entered in Fig. 12 at D, and 
Meo ep is altered by half as much as Mpg. The remainder of the first sees 


‘in the > order, E, A, is done i in the s same way. Ti+} ‘at 


* jund by adding the column-end moments. Since those in CF and AD are 


same, the sum for the upper story is equal to 2(— 1.3) — 2.8 — 2.6, 

_ which equals —11.2 (an abbreviated form of this computation is shown at the | a 

of Fig. 12) All the upper-story column moments therefore must be 


fl increased i in the ratio Ti." ‘Similarly, t he e column moments i in the lower story 


must be increased in the ratio alterations must be 


19.1’ * 


' The new values are entered in italics in Fig. 12 


the of increased in the same ratios and are entered i 


left of each column. ed 
Fig. 12 on the left ofeach column.... 


iad One more balance and adjustment of sidesway moments has been shown. a 
ee The process may be repeated to give any order of accuracy y desired, hehsaled: re) 
is so indefinite that great precision is not necessary. most design 


“pery estimates were reasonably | close; the second balance provides a general 
. oa The method is especially useful with regular frames of several stories. me 


i the balance is started at the bottom, at first only } rough estimates for aie Ba 
lowest floors need be inserted. — The results of the first balance of the bottom — Sr: 


_ frame of several bays as in the simple example of Fig. 12, but any common sense " 


_ ‘Fig. 13 and Table 10 show the caloulations for the lower floors of the nana 


In an actual it is better to arrange the table with the stories 


beneath one another, instead of as in Table 10, where convenience of printing 


_ _ The order of balance adopted i is S, T, O, P, K, L, E, hat! F. The K-values _— 
for the two lowest floors are first inserted as column-end moments in = 13, = 


Bulletin No. 80, Univ. of Mlinois Eng. Experiment Station, p. 20. 


“Continuous Frames of Re-inforced Concrete,” by Hardy Cross and N. D. Morgg: Wier 
Sons, Inc., New York, N. Y., 1932, P 230; and “Theory of Modern _ re organ, J E. Grinter, 
scmnillan, New York, N N. ¥.. 1937, Vol. "2, p. 169. 
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and rough eotimaten, which have been imnderlined, are where necessary. 
(A dash has been | placed where an estimate is not Rough values for 
Mrg and are found by distributing Mrr + Mrx approximately in the 
ratio of the stiffness (shown i in brackets) of TS and TU. Joints § and T 
i balanced (Table 10). The results of this balance help in estimating the 


ae moments necessary for the balance of joints O and P, remembering that values os 


4 tend to fall off in upper floors. For exams, since the first balance gave M rs 
Thus estimates and the first balance are made for each floor suc- 


 cessively. Table 10 shows the balance for the four lowest stories and includes’ “ie 
the values of Maz and Mar, which were obtained by balancing joints A and B. 
The sum of the column-end moments for each story is. now found, and, 
. ee: oe although the additions can be recorded in Fig. 13, they have been omitted to 4 : 
‘save printing. _ The column moments a are altered to make their sum equal to 
ak the “appropriate sidesway moments for half the truss, shown on the left of | + 


Since, for the floor, the sum of the moments is —72.5, 5, 

a 


are. increased i in the ratio 5° aS The values of — — for SW are in- 


= mm a new values of Bee and Mrx are now —20.7 and —21.8. Their sum 


42.5, must be balanced by the beam ‘moments Mrs and Mrv. Thus, the 
. se approximation presumably would be obtained by dividing 42.5 in the 
& 
aa Mrv, but great accuracy is not required, and a “round figure” adjustment te! be Fe 
a +20.0 and +22.5 is sufficient at this stage. All sidesway adjustments a are a 


ratio of the last found values (as, for example, +17.6 and +20.8) of Mrs and 


= = values for ‘moments and deflections are within about 5% of the “exact” 
given by Messrs. Wilson and Maney. bat: ai 
ad It may be concluded that the method offered herein. gives satisfactory re- Ms 

5. ae sults i in the analysis of moments due to wind loading. pif Although the time taken | 
may be a little longer than by some other methods, the reduction in arithmetical 
ae checking more than compensates for this. There is a fair amount of written — a 

Work, because nearly all the calculations are recorded. However, this is an 


0 a, advantage ra rather than otherwise, s since it facilitates the checking of the data. 


As the e method involves the calculation of for each column, mn, the final 


floor deflections can readily be ‘computed if required 
ee ate _ Finally, the writer thanks all the contributors to the discussion and ex- 
a St Ae presses his appreciation of the points raised. Some do not call for a detailed — 
4 reply, and some were answered by other contributors. . Timew will show whether 
= et “moment balance” has any permanent value; if it has, future developments will ¥ 


er 


A second balance and sidesway adjustment are now made with the result 
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PERMEABILITY Y OF MUD MOUNTAIN DAM 


BY ALLEN S. CARY, M. AM. Soc of E. AND Boyb YD 
AND HOWARD HARSTAD,* JUNIORS, 


investigation of the material use in the 


mpervious core of the Mud Mountain Dam it 
was proved that the moisture content of the material when compacted had 
much greater influence — on the permeability than n did the density of the 
: aterial, within the range of densities at which it would be : compacted dur 
-- construction. Since the voids in the soil act as conduits for the water, at pit, 
ye postulated that the water content of the soil at the time of compaction ae 
governed the ‘arrangement « of the ‘vols, a high water ‘content, the voids” 


a low water content, but at the same numerical void ratio or density, the poids fs 
were apparently of a wide range > of sizes and the permeability was high. . Thus, 2 ar % 
a wide or narrow range in n void sizes may be likened to a wide or narrow — é 


by the extzesae range in permeability among groups of samples compacted re 
nearly identical densities but at different moisture contents. 
‘This paper reports the results of an ‘investigation inaugurated to 
the permeability-void ratio relationships of the proposed borrow-pit material 
a8 a basis for the distribution of the material i in the various zones in the Mud ~ 
Mountai n Dam. So pronounced were the effects of slight moistur e differences Be 


on ‘the permeability of the material that moisture control during construction ee “a 
4 


Nors.—Published in September, 1942, Proceedings, 
 V Associate Geologist, Chf. Seattle Dist., Soils Laboratory, U. 8. Engr. Dept., Seattle, W Wa 

2 Aviation Cadet, U. 8. Army, Los Angeles, Calif, REPS OCIS 

U. Coast Guard, Norfolk, Va. Wie 
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of paramount net 80 fer the ‘usual cont 


this te the following definitions are are given: rah 


“void r ratio.” order accommodate those whom may not be conversant with i 


a ne Optimum water content—“The water content at which the maximum 

a 3 ee density i is produced in a soil by a specific amount of compaction.” == 
_Void ratio—‘The ratio of the volume of intergranular space to the 

a volume of solid particles in a given soil mass without regard to the Pro- 


This paper will in turn: (1) The material tested, @) ‘method anc 
‘equipment, @) test resul 


oy (Tent — in this | paper apply only to the materials used in the ii imper vious is 
ae core of the Mud Mountain Dam. The soil is a mixture of stream gravel and 
glacial till. The average mechanical analysis of the material after removing 


+? all boulders larger than 6 in. is shown in Fig. ae. oy Curves 1 and 2 repre 
een 


Percentage Finer by Weight _ 


— 20% and 40% till admixture, respectively. _ The curves reveal an extreme 
eres The colloids are found primarily i in the stream gravel and occur naturally a 
8 a coating ‘around the particles i in the deposit. They | have been identified 
by the National Bureau of Standards by X ray and petrographic analysis aS 
an alteration product of volcanic glass and ash. Because of 
its extreme flatness, montmorillonite has been described as a‘ ‘one-dimensional a 


colloid.” The extreme sensitivity of the mineral to excess moisture results 
“? “Soil ee Rata * Manual of Engineering Practice No. 22, Am. Soc. C. E., 1941 
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Ap pparatus. —Cylinders 13.54 in. in ‘diameter and 12 in. high (leu ft) v were 


permeameters were arranged with screens top and bottom to ‘permit the 
e of water to and from the sample, and = were operated either as BS 
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2 2.—Part SecTion oF PeERMEAMETERS 


in layers with seventy-five 12-in. free-fall blows per layer 

of a 25-lb hammer with a 3-in. diameter face. This gave compaction which — 
was. equivalent to that obtained when the material was compacted on the x 
embankment. After eac h layer was compacted, the ‘surface was completely 


4 
ntaining only those P hownin — 
of this material are show 
(: ; sed. Mechanical analyses t which the material was an a 
Fig. 1, curves 3 an 4 
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Da 
scarified to break up any surface skin that mig ght tend to reduce the 


i 
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Water.—The water was distilled and preheated to above room temperature ha 
that there a falling temperature gradient through the sample during 
a the entire run. This assisted in the | removal of | trapped air in the sample and a : a 
hence in the prevention of air-locking. of badicnil 
a a apparatus for de-airing water was assembled similar to that described re a 
elsewhere by G.E E. Bertram.‘ It was impossible t to obtain enough water to run 

all of the tests and, since preheating the water in 


material, the de-airing was discontinued entirely. 
oe Procedure. —A sample was compacted in the cylinder at the desired 


ag des The specified sahlatiatel limits on the embankment were within 1% above and = 
ah 2% below the optimum 1 moisture. i To 0 allow for factors of uncertainty in field 
control and to determine any dangerous or difficult conditions that might be 
¥ 8 approached at the upper and lower moisture limits, laboratory tests were run 
the material ranging 4% below the optimum water content to. 


moisture content and loaded with 1 ton per sq ft. ‘Water was started flowing 
up through the sample with a constant-head hookup as shown in Fig. 2. When 

the sample had become saturated, or rather when water appeared at the upper & 

ne ia surface of the sample, the valves were turned for variable head, and duplicate a Se 
_ permeability tests were run. For the long-time tests, the valves were turned 

back for constant b head, and each 2 24 hr thereafter, for a period of from n one 

q 


on 


: 


20% till admixture, (2) 25% till admixture, (3) approximately ‘40% till 

7 ‘i admixture from a test fill, and (4) core material with approximately 35% a 
admixture, sampled during construction of f the de dam. 
Group 1, 20% Till Admizture. —A cubic yard of the core material containing 


‘we, 


some unavoidable variation in the void ratio. i 


Wa 
i _ &*“An Experimental Investigation of Protective Filters,” by G. E. Bertram, publications from the ae 


Eee School of ol of Engineering, Har Harvard Univ., ‘Cambridge, Mase, Soil Mechanics ies No. 7, Janu 


t 


20% glacial till and 80% gravel was thoroughly mixed, and by successive 
2 quartering was divided into eighteen ‘“‘identical” samples of approximately n 
«160 Ib each. Three of the samples were used to determine the optimum water 3 a, 
content of the material. “On the basis of this determination, three of the 
samples. were placed i in the permeameter at 4% below the optimum, three at 
oe ao% 2% below, three at the optimum, three at 2% above, and three at 4% above a x o. 
the optimum. “Fig. 3 shows t the results of compaction tests plus the unit 2 
weil eights obtained ‘when compacting the material in the permeameters at the t 
ie ag Asi each sample was Placed in in the permeameter, it was saturated and the — ofS 

NS "permeability. test run. All samples \ were placed as nearly as possible i in the 
‘4 ‘same manner except that the water content was varied. There was, of course, - 
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MUD MOUNTAIN: DAM 


However, there i is a set of three points obtained 


from those samples placed at the same water content. Fig. 5(a) shows a 


definite correlation between the permeability and the water content at ce 


Cu 


— | une Weights Obtained When 

Compacting Samples Into | 

Permeameters at Various 


12 ue 433 15 


Grou. 2, 26 % Till similar. series of was run 


till admixture with the same -permeability-moisture correlation ; as obtained “eS 
group 1. These tests are plotted, permeability versus water content, in — RY 
Fig. 50). Permeability-void | ratios are in Fig. 4(b) and 
usual straight-line relationships. ivy © 


a 


Group 8, 40% Till Admizture—A third series of tests was run using samples ee = 


mately 40% till admixture. | The permeability-moisture correlation in Fig. 5(c) 
is better than might be expected when it is considered that this material varied | 
a considerably in till content and in mechanical analysis. — Permeability-vold 
are plotted i in Fig. 4(c) with the complete. absence of correlation. 


early 


again, the the permeability-moisture correlation was 
when it is considered the mechanical an of ‘the varied con- 


‘lity is t for most soils. the 
ig When permeability is | is usually apparen ne correlation between 
there is none | 
during 
he core of the dam durin 
ility control of ¢ cc w pit during excava- 
ermeability cc rom the borrow pit during 
a 56 of the samples taken for pe nd directly from the “to 40% _ All tests were oe a 
park of admixture varied fro f 
tions. The till | 
— 
, there is a limited range of 
ill be noted that, in wider, there is e in Fig. 
It ents. Had the range been line extension of the 
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ie into the sample the individual samples have shown the 


oe - ‘definitely, except for an o occasional slight i increase that may y be attributed to 
removal of air, which increases the effective voids. 


MUD MOUNTAIN DAM ae 


through the for 56 ‘days, the may certain 


‘cm per sec to 50 X 10 cm per sec. greatest 


ie 


i 


ae. 


extreme variations found in samples placed above and below the cima. 
oe samples placed above the optimum, the permeability remains low in- a 


ratio relationship, the conclusion i is inevitable (1) that there 


* are e large experimental errors in the tests or (2) that there are faetors other — 4 


than the numerical void ratio that may influence permeability. 
After eliminating all experimental errors as far as possible without Teducing 
the anomalies, it becomes evident that the void ratio expressed as a number 
does not define the nature of the voids. Numerically, the void ratio is a measure © a 
} 5; only of the total volume of voids. This total void volume may be distributed — 


In a granular soil of uniform particle size, the permeability-void 

= correlation i is fairly consistent. - This is explained by postulating that the size 

‘ ae and distribution of the voids are more or less constant. In a well-graded soil _ 


+ with a small amount of clay included, consistent _permeability-void ratio ae 


Control may be exercised under two conditions: 


| eameters a | ist 

be 
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(1). In any given sample, the: void o may be 
s consolidating the sample without appreciably disturbing the particle and void 
24 distribution. if permeability tests are run 1 concurrently with the consolidation 
ae and the permeability-void ratio relationship is plotted on semilogarithmi 
paper, the plot will approximate a straight line. 
‘In a series of “ide ntical” samples of the soil, the particle 
ee ‘distribution appears to be controlled by exercising control of the water content — 
_ at which the sample is compacted into the permeameter. Ata constant water Re om 
-eontent but: with “varying void tatio, the results of permeability tests 
plotted on semilogarithmic paper again approximate s a straight-line perme- 


a4 {i < 5 
The optimum wat 


material, with a maximum particle si size of 3 in, as de etermined bya compaction es 
investigation, is 11.5% of the dry weight of the entire ¢ sample. In the same _ 
sample, the water content of the fractions passing a }-in. screen is 16.5%. 
Fi oe ow, if the optimum of a small sample using only those fractions passing a }-in. 
- screen is determined, it is found to be 15.0%. ‘Thus, when the 1-cu-ft sample 
- containing the 3-in. maximum particle size is ‘at its optimum water content, = 
saereastions of those fractions passing Ain. sereen are 1.5% above 


optimum, the dae. and particularly colloidal are in a very plastic 
condition and are relatively free to be distributed throughout t 


distribution. Any increase in the water content at which the sample is com- 

acted above this stage is reflected in a general increase in all: voids in the soil, 

& and. the permeability-void ratio relationship then epproaches a straight lin 
(see Fig..4), reflecting the numerical voidration = | 
Bb If this same sample were to be compacted into a cylinder ata water content — 
a 1.5% below the optimum, the aggregations of finer | particles will be at their % 
optimum, will be well compacted, and, therefore, will have a relatively low void Gg 
“Tatio,, 0, Surface tension and cohesion acting within the clay aggregations will eel 
a contributing factors in maintaining the aggregations at their maximum 
nonuniform particle and void. distribution 

throughout the soil mass. The entire sample, being below its optimum, 


4 a relatively void ratio because it cannot be as" densely 


ratio relationship approaches a straight line (see 4), again 


The numerical void ratio appears to govern n the permeability at the upper 
and lower limits of water content at which the materials were tested, but, at A 
eS a relatively narrow range of water contents near the optimum, enormous s 
- changes of permeability take place with no change i in void ratio necessary. 
_ This Tange of water content marks the transition from a condition of more or 
4 - less uniform distribution of the fines on the wet side to a condition of concen- 
tentide of fines aggregations held together by cohesion and surface tension 
‘ It is interesting to note that this range of moisture oneither — 
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i ___very unstable in the presence of water and lends itself readily to such a uniform a 
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Sample is compacted below this stage is reflected in further decrease in the 
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MUD MOUNTAIN | DAM 


of the optimum is the exact ‘range originally sp specified for field 


: ‘In determining the permeability of certain pervious foundation materials, oe 
Eh iti is sometimes quite impossible to obtain undisturbed samples or to test the “i 
. - material in place, in which case it is common practice to determine the perme- a 


ability, of of remolded samples ov over range of void ratios. Tf this i is done in con- 
with a single consolidation test, it has been suggested that the 


permeability-void ratio relationship should approach a straight line. "How. 
a * ever, if a series of tests is run on samples of the material compacted at various ‘eo 
_ water contents, the results will indicate the degree of confidence that 1 may be 
= placed in the predictions of seepage through the foundation materials. If wide 
variations in permeability are obtained that cannot be attributed to void- } 
ratio change, some other means of determining the permeability of the founda- 
The early practice of puddling cores in earth dams the same 


in a uniform void distribution, and hence in a low permeability for that par- 
ticular soil. The fact that, in the Mud Mountain core material, there is ay x 


aa Se 1. 5% to 3% of clay, and i in a , puddled ¢ core there may be nearly 100% of clay, et 4 
does not alter the fact that a high water content assists in a uniform ene 3 


“a 


& I “The investigation has been limited thus far to a single material that is. a 


_ rather distinctive in its particle-size distribution. In: this material, the effects 
moisture are so extremely pronounced that they completely over a q 


certain range, all effects of numerical void-ratio change. Investigations of a 
Sater from four other sources, with a narrower range of particle sizes and 
om no montmorillonite clay, are being conducted. It is indicated that the results a 
ae will not reach the almost impossible extremes of the results obtained by using _ 
a Mountain borrow-pit material, but that herein may lie the answer to __ 
certain: minor variations from the expected permeability 1 versus 


ts 


ss The laboratory jerctuthaetio’: that forms the subject of this paper was con- . 

nN = in the U. 8S. Engineer Soils Laboratory, at Mud Mountain Dam, under a 
the direction of Capt. J.D. Lang, Frank ‘Preble, William E. Hoy, and 

Albert H.  Rodes, successive resident engineers ‘on the Mud Mountain Dam 

4 ae project. The writers wish to express their appreciation to the entire laboratory & 

ae personnel for their critical and painstaking work ir in developing the porn 


a Be. A 54 methods and equipment, and for the interpretations as herein set forth. T i 

gonstant interest and friendly criticism of A. E. Jaskar, Jun. Am. Soe. C. E., 
ae ae C. E., of the Portland (Ore.) Division, U. 8. Engineers, and Profs, R. G. .: 

»¥ a Hennes, Assoc. M. Am. Soc. C. E., and J. Hoover Mackin of the aug 
eS ae of Washington, at Seattle, have read the manuscript and offered a number of a 

; 


| a : and H. E. Johnson deserve special mention. H. R. Cedergren, Jun. Am. Soc. 
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H. M. Am. Soc. C, E.—The fact that distribution of voids 
a in a soil, rather than total voids volume, may be s a diagnostic ¢ criterion of soil 
4g behavior has been excellently and strikingly demonstrated by the authors. 
_ The results of a number of permeability tests on several soil types are shown, 
in Fig. 7, to give results similar to those shown in Figs. 5 and 6. _ Such behavior — 
is of practical significance in several ways, particularly in consid ring the 
swelling and softening of of a compacted : soil due tov wetting. 
Experience with fine soils is compacted to form \ very hard, resistant, masses, 
at moistures lower than optimum, has indicated that subsequent wetting of eal 
these masses results ina striking loss. in ‘strength. The wetting frequently 


causes swelling. The same soils, compacted at moistures 


qualitatively at least, by test results such as those in and 9. 
q, “Fig. 8 shows, as points I, II, III, ete., the ‘Moistures_ and densities of as soil 
as compacted, and, as points 1, 2, 3, te. the corresponding. moistures and 
densities after wetting ‘subsequent to compaction. | . Fig. 9(a) shows, as ordi- 
¥ “nates, the coefficients of internal friction of a soil that was submerged and 
saturated after being compacted at the moistures shown as abscissas; and ts 
‘Wig. 90) shows corresponding | data for cohesion. . These data, together. with 
those presented by the authors, indicate the disadvantages of compnoting fine 
* - soils at less than optimum moisture, due to the comparative ease with which 
water ean | find ‘its way Thi hard lumps in the soil, ‘softening them and 


materials prevented election. or special trea 


4 4 moisture just before placing the Gin. stabilized the 

a asphaltic ‘seal courses. :: After 2 to 4 months of predominately ‘rainy weather, 

subgrade failures occurred at several places. At the points of failure, the © 
% ‘subgrade had become wet and highly plastic. After checking f for the effects 
a “of coarse aggregate and chemical omen! in the clay, the following conclusions 


were softened during. wet weather to a plastic clay incapable of. supporting pe 


required. wheel loads. This was true in spite of Paemeserind taken to promote — 


Senior Materials Engr, TVA, Knorville, Tern. 
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“KELLOGG oN MUD M MOUNTAIN DAM 


and recompacted just prior to paving, as 8 insufficient time for uniform distribu 
tion of moisture was available. Such a procedure merely ‘served to wet th 
- surface of the clay lumps, without affecting the compacted mass as a whole. 


In the of certain dikes, the relationships. demon- 
strated by the authors have been used to advantage where only one type of 
material was available. At the upstream face of such a dike, high compacting 'z 


moistures were used, giving a fill of Downstream, lower 


4 


cure be with the stability of the dike, ‘and 
ac Fed 3 


mat Pent 


the slab: would not soften appreciably. da 
ag covered by elav suherade could not he sueres 4 
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BLOGG on MuD “MOUNTAIN DAM 


the fill must be compacted w when it j is 80 wet as cracking 
under wheel loads. 


a ‘moisture, and that has a soil mortar with a1 an appreciable plasticity index, = ae; 


deviate from the “norm: al” ‘permeability-void 


Chattanooga, Tenn. Limestone Residuum 
Guntersville, Ala. River Alluvium 
Elizabethton, Tenn. Quartzite Residuum 
Chattanooga, Tenn. River Gales: 


words, materials containing sufficient clay to form lumps at ne ae 
and to lubricate coarse grains at high moistures, should | fall into this class, 
Since montmorillonite is particularly sensitive to physicochemical changes, 
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CHRISTIANSEN AND FIREMAN ON MUD MOUNTAIN ee 


—Differences in ‘permeability ‘that can be obtained merely by “varying, 


‘the literature on this The | tests reported show variations in permea. 
=z bility as high as 10,000 to 1, caused by differences of only 1% or 2% in soil 


It is the purpose « of the writers to call attention to another: factor, 
overlooked, that also can cause very large differences in permeability values of — % 

> soils—namely, the chemical composition of the water used for the permeability — 

t : test. The writers have been p primarily interested in the p permeabilities of agri- 

- cultural soils as related to infiltration of rain and irrigation water and to soil 
® drainage. In these studies, the soil in the permeameter has not been com- 
- pacted highly, but has been brought approximately to the field density of the 
soil. It is possible that the large differences in the permeabilities of these soils, 
_ Tesulting from differences in quality of water, would be reduced paar in 


A 


oured into the permeameter, leveled “age then jarred a specified number of ai 


times to bring the ‘materials toa fairly w uniform density. Next, the soils : are * 


& aes - Distilled water was used i in the studies reported b by the authors. - Some of 
the soils tested at the Regional Salinity Laboratory in Riverside, Calif., are 


ss several hundred times more permeable to local tap water (which contains 
4 

sodium, 6 ppm ‘magnesium, 16 ppm chloride, 36 p ppm ‘sulfate, ‘and 153 ppm 
. oes than they are to distilled water, or to waters containing a high 


percentage of sodium salts. AS is well known, the colloidal complex of most 


“to water and have a suitable he axe condition for cultivation and crop pro- 


"duction. When water containing | a high percentage of sodium salts i is passed 


‘through these soils, base exchange takes place. ‘sodium ions replace. 
large part of the absorbed calcium ions, and the soils may become deflocculated, 
— sticky, jellylike, and much less permeable to water. | When leached with high 
a sodium water, some soils remain moderately permeable as long as 3 the salt 
content is fairly high, because the presence of salt tends to keep the soil floc- | 


concentration, ‘the soil will disperse | immediately and become telatively m- 


at aoa * Irrig. and Drainage Engr., U. 8. Regional Salinity Laboratory, Bureau of Plant Industry, Soils, and 
Agricultural Eng., Agricultural Research Administration, U. 8. Dept. of Agriculture, Riversi: e, Calif. % 
_ _ ® Junior Soil Scientist, U. 8. Regional Salinity Laboratory, Bureau of Plant Industry, Soils, and Agi 
cultural Eng. ® Research 8. of Agriculture, Riverside, Calif. 
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— been made to support this possibility, 
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slowly wetted from below until the soil mass is sa pie ahs. 
has been expelled. Finally, the water is admitted to 
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> 


ro. 


water which passed through the ‘soil. The ‘Hesperia sandy loam i 
ol surface soil from near Bakersfield, Calif., and the Imperial clay loam is from ee 
ar. near El Centro, Calif. These soils are typical of many others tested in that — 


with tp water, 0 or with waters containing only few hundred parts 
di 


800 PPM Calcium Chloride — 
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10 or Two Acricuururat Sos as INFLUENCED BY WaTER CoMPosITION 


nillion of calcium salts. It will be noted that the Hesperia soil is more 


“Ss permeable to a solution of sodium chloride than it is to distilled water r. How- 


>, ever, had this soil been subsequently leached 
have been practically | impermeable. One soil tested was 35,000 times as 


perm meable to water containing 800 ppm of calcium chloride to distilled — 
Therefore, there may be a danger in using distilled water for testing the 


—s of soils used for structural purposes. In place i ina dam or other 


‘sol solutions ite dintled water. pind 


with distilled water, it 
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P. Creacer,” M. Au. C. impesviows materials 
an amount of moisture should be provided which is slightly greater, rather 
than slightly less, than optimum, particularly when natural moisture content 
is deficient and more aati ra added. This fact is indicated aes in 


eee ‘the montmorillonitic fraction of the soil is subject to swelling, it 
constituted only about 1% of the total volume. 
-_- However, the following description of the expected behavior of a soil subject. 
4 to swelling is so similar to that observed at Mud Mountain that iti is felt oe 
although the Mud Mountain soil did not swell, there must have been some as 
undiscovered action allied to that — The following 


‘la 


(Expansion Pressure, in Tons per SqFt 


a 38 It is interesting to trace the behavior of a soil swelling having differen 

7 "amounts of moisture \ when applied on the dam OF in the For a smal] 
amount of applied moisture, ‘the ‘applied ‘moisture is not well tiled 

a throughout - the soil, the material is lumpy, and no amount of churning or 

compaction ean distribute the moisture uniformly. Thus, a fraction of the 

sq material has too little, and another fraction too great, an amount of moisture. 

The fraction that has too little moisture may be subject to swelling when 
saturated, with increase in voids and loss of strength. 


Cons. ngr., Buffalo, N. Y. 


ON MUD MOUNTAIN.DAM 785 
— 
a 
— 
— 
— 
— 


+ 
4 a 


a 


fraction of the material contains only 13.7% moisture and the other fraction i 

a 19.6% moisture and the total dry weight is 120 lb, the fraction containing _ 
only 1 13.7% moisture is subject to voids, greater permea- 

However, if 19.6% of moisture were to the total mass, the dry 

weight ‘still w would be 120 lb, but the material would not be subject to swelling “ig 

consequent loss of desirable attributes. As the amount of moisture is 

increased, the distribution will be much more uniform; swelling and permea- 
bility have decreased and strength hasincreased. 4 
i hen the moisture is increased to slightly ‘greater than optimum, swelling “4 


ie? has been practically eliminated, and the material has reached its optimum o i e. 
ey. density and strength after subsequent saturation, as shown ved Fig. 5(a) for ra 


reversal of the permeability curves ‘of Figs. 5. | 
foregoing discussion applies, of course, to those many materials which, 


wen when placed with deficient moisture, are s subject to swelling when § subsequently 4 

characteristics. of an expansive soil are shown in Fig. 1 ll. Even 
a constant: density, the pressures required to prevent expansion decrease 


It is also pertinent to note that, for any given material and eee 


-eontent such expansion would not occur if there were sufficient resistance to 
expansion offered by the material placed in the dam adjacent to and above it. i 
than indicated d by the tests. = 


8. Cary,” Assoc. M. Au. Soc. C. E., AND Boyp H. WaLrer,! 
Howarp T. Harstap, Juniors, AM. Soc. C. E. 40__The 51 swelling men- 
by Mr. Kellogg was ‘no on the Mud Mountain Dam. 


the material was placed, within 4% below to 4% above the optimum. 

=. reason for the absence of ‘swelling is probably the very small percentage a 4 
montmorillonite clay, the constituent that would be subject to swell. 
stated in the paper (see headin “Inter retations’”’), when the entire 

7 sample is at its optimum moisture content for maximum compaction, the finer 
4 fractions are considerably above their optimum. it may be surmised, ‘then, 


a that, with the entire sample 4% below its optimum, the fine fractions a are 


near their optimum, at least nearly enough so that any swelling t that does — 


r min t th t it ¢ nnot be m 
occu is 80 ute that it cannot be measured. sah 


bi If the Mud Mountain core material were were placed at some moisture se 
gata lower than optimum, there can be little doubt that subsequent wetting would | Be. 


ae 42 Associate Geologist, Chf. Seattle Dist., Soils Laboratory, U. 8S. Engr. Dept., Seattle, Ween, Xone 
4 Aviation Cadet, U. 8. er Los 
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4 lower the shearing resistance of the material appreciably. it could not be 


compacted to the maximum density at a low moisture, a and thus. the full 
maximum shearing resistance of the material placed at a 
‘moisture above the optimum is is an absolute minimum for the structure a: as a 
whole and will tend to increase as settlement ‘and cons consolidation m within 1 the 


ips soil. As stated in the paper r (see heading, “Equipment and Methods— 3 
ee ater”), distilled and de-aired water was used in the Mud Mountain Dam 
laboratory for the early part of the work but was discarded later in favor of ee 
heated distilled water. The heating was required to insure a falling tempera 


ture gradient through the soil sample to’ prevent the precipitation of air within 


a common basis of comparison for those variables that are inherent within the i 
‘soil structure. _ Therefore, the influence of a air, dissolved ‘salts, etc., 


dissolved salts, no future permeability | analysis that ignores the effects will 
be entirely applicable to a practical application as in dam, levee, or Alter. a 


probable that awelling of the montmorillonite takes place, at 


least, in such a direction as to reduce the void sizes rather r than to cause swelling F 
of the soil mass. _ The total swelling of the soil mass becomes too minute to oe 


; _ Apparently it it was not clearly stated in the paper that the moisture content 
4a of the tested samples was reduced as little as possible below that at which the 
samples were to be tested. This precaution was taken to reduce the non- 


uniform moisture distribution i in n the soil mass. 
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is particular it merely acts as an impervious member held in place by the 
The interesting discussion by Messrs. Christiansen and Fireman reveals 

is aimost necessa eliminate as man ariabies as nossipie in orde Dave 
| 
e unvarying procedure; rather, all variables must be studied individually and 
collectively for each soil and for the water that will come in contact with 3 

; view of the considerable variation in nermeashility that is attributed to a 
— 
Probably the absence of measurable swelling in the Mud Mountain Dam core 
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By W. WATTERS PAGON,? M. Am. Soc. C. E. ily 


By Mussns. -Jacos Feu, AND w. Warrers Pacon. gel 
De _ The mathematics of stress in an elastic body, under a load system applied : 
Ne at the surface of the body, is outlined in this paper. The principles ar are applied 4 
bond to the construction of airplane runways upon a plastic mud fill, to resist air- 4 
plane wheel loads and to control the placing of granular fill upon the mud. | * , 
Finally, the paper shows the practical application of the mathematics to the — 


construction of the field of the Baltimore ) Municipal Airport. 
A general history of the Airport in Baltimore was 
* ay the writer in 1940, giving in some detail the character of the mud that was i 
pumped into the site as a base for the construction of a landing field, and how 
_ this mud fill was allowed to stand for a long period of years before it could be 


eS ‘used. * Tests indicative of the character of the mud are given in this reference. v s 
At the beginning of the work described herein, about 12,000,000 cu yd of a 5a es 
mud, and about 4,000,000 cu yd of granular fill, had | been placed by contract. a : 
- About 400,000 cu yd of the total fill remained to be placed. _ The granular fill -. 
_ had been hauled by large capacity trucks, either from a distant borrow pit or 
ae from barges loaded with dredged material which were moored to the airport 7 
‘bulkheads. — ‘Tt had been placed in 1 the manner most convenient to trucking = 
= and, therefore, much of it was in the form of long “fingers” extending into mud a : 
a areas, the fingers | having a a depth s such that they h had been able to > support the 
weight of the heavy trucks. inks SEAL thal. 
—— it was decided to abandon this method of construction, post-hole — ‘ 
au ger borings were made on Bft centers on way throughout the area of the 


Cons. Engr., Baltimore, Md. 
a Am. Soe. C. E., Vol. p. 1340. 
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along these strips. ‘The: depth of fill thus found is shown by the 
in Fig. 1, the 0 csntour representing the edge of all areas in which mud was a 
ie exposed to the view, and the space between the 0 and 4-ft contours representing © 
—* areas in whic there wan less than 4 ft of granular cover. . Outside of the | 


+ ft contour the depth of ae fill varied from 4 ft ton more to the Sit 


Later it) was discovered that ‘Fig. 1 is not completely correct. the 
4 previous contract work was discontinued certain mud 2 “areas above airport ig 4 
_ grades had to be lowered by the use of drag scoops. This grading exposed mud « 
peed a areas that were shallow and that overlay | granular fill, or even areas in which the ag 
materials were sandwiched together. evertheless, Fig. 1 is substantially 
ares In such areas where the mad had bulged bie airport grades and had been 4 
_ “decapitated,” ” the consistency was soft, with 12 in. to 18 in. of dried « crust, 4 
- which had formed within a period of ‘about eighteen months. Fig. 2 is a view of ke rs 
Ae of such an area. (The cracks shown in the foreground, although similar to the a 
shrinkage cracks of the mud fill, ar are in a thin layer of mud washed into 
ae ; of rain water and dried in the sun.) "Where the old crust had not been ies 
et turbed its thickness was greater. Where the mud was near the surface, but 
ae covered with a shallow granular fill, there was a firmer crust. Again, the 7 


: ee” at the south : side of the airport had much firmer mud than the areas near the 


ale 


north corner, , because the discharge line from the dredge which had pumped i in 
: uae the mud about 1928 had been near the south boundary line, and all of ee 2 
coarser materials had settled out here, leaving the finest to progress 
_ Where mud and granular fill are mixed in proper Pane We the binding © 
ower of the mud produces a very firm product. — For example, where mu 
rippings from trucks (which we were hauling it to the disposal areas) becam 4a 
intimately mixed with the granular fill, a wearing surface was formed which | 
“had a remarkably high strength in dry weather. Even i in long- continued wet 
weather only the surface became soft and slick. Again, where fingers 
granular fill were quite close together, the mud between had often become _ 
_ much like soft rubber, through which a spade cuts as through cheese. bee : 
“plastic” ‘will be defined herein as a material which is: Perfectly elastic 
a stresses ses some given value, but which is a viscous fluid for stresses in ay 
excess of that va lue. The problem at the Baltimore : airport, therefore, involves eS 
two phases: (ty The last phase—a completed runway system, constructed i 
of granular fill bearing upon the mud, stabilized at its surface, and sufficient 
support, airplane wheel loads and to prevent ‘Traveling; and (2) the earlier 4 


« 


a in which it was necessary to ‘superpose the granular fill upon the mud. > a 

The cons structi 
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h of fill. The depth of fill must be sufficient 
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WHEEL ‘LOADS IN, sorr “FILL 


factory stabilization because the entire field will slowly settle wit 


time as the water leaves the underlying mud, causing any overlying concrete 


BTIC View or Mop J 


at The purpose of this paper is is to describe. the method of determining how 
great a depth of granular fill should be placed upon the mud, how this fill sh bald % 


be placed, and how the mud should be, and was, removed. ae a sal 


Srress in A Bopy Propucep BY A at Its 


ihe 


curves of Boussinesq’ 8 


is the horizontal component of R). Fora s depth of 24 in. thee stress i is about one 
fourth of that for a 12-in, depth, but for a 36-in. depth it is again more than 
halved. Of course this theory p presupposes strictly elastic body throughout, 
.: whereas the airport consists of a granular ‘and earthy fill overlying elastic mud. i 
io Experience has shown that the theory is a good approximation for earth ma- 
terials, but there is no theory and no experience for the case in which the earth 
materials are are superposed u upon a mass of mud. It i ‘is fair to assume th nat so 
ong as the mud is not overstressed, it can be considered an elastic support — 
under a stratum of material that will be or at least capable of 


transmitting load throug 


rs _to prevent weaving of 1 lane loads specified 
pavement to break. As far as p ust be sharp 
ch 
in are shown in Fig. 3, in which s, 1s the stress at various depths z below the fund a 
ier 
ty 
— 


ee transmit load was demonstrated at The Pennsylvania State College at State i 
aM ‘Tt can be shown that for a load applied uniformly over a circular plate the Re 
maximum shear occurs at a depth about equal to one third of the plate diameter ‘ee 
ay and has a value equal to about one third of the unit load on the plate. Simi- 
a larly | Horace Lamb‘ shows that for a point load the stresses within the body are a 
i ors = compressive for all points that lie within a cone, whose axis contains the line o of 
- Be ie action of the load, and whose half vertex angle is 68° 32’ (provided Poisson’s — 
7“ es ratio is 0.25). Therefore, even an uncemented granular fill can be assumed to : 
3 a transmit vertical load to any area, at any depth, whose surface lies within such he 
M ae acone. For a load distributed over a circular or rectangular plate there il 


ae Hence, for want of a . theory that expresses Bot 

to a composite body having two layers, each perfectly elastic but with different — a 
moduli of elasticity, it becomes necessary to use the cone-of-compressed- 
ae material concept, and in the following the = vertex angle has been oe hr 
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Tf the computation ‘is based upon an concentration of 
’ P ; 50,000 Ib, there immediately arises the question of contact area between _ 
- tire and paving. _ At present it is true that the maximum tire pressure is about if 
65 Ib per sq in., ‘end to allow for further development 75 lb per sq in. will be 
used. This means that such a wheel concentration would require 667 sq in. 


‘di contact surface—that is, a circle of 29-in. diameter, or an ellipse of 24 by 36 

_ §“Experiments on the Distribution of Vertical Pressure in Earth,” R. Bulletin No. 11, 

The Pennsylvania State College, State College, Pa., 1919, p. 118. 

4Hydrodynamics,” by Horace Lamb, University Press, Cambrid 192 pp. “188-189; also 
Treatise on the Mathematical of Elasticity.” by Edw Love, 

Cambridge, 2d Ed., 1906, p. 189. 
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4: te. "Bomber B-19 is reported to have a wheel load « of 80, 000 lb o on @ tire. 
imprint area of 1,000sqin.* In order not to exceed a safe basis of computation, ; 
a diameter of 36 in. will be used which, for a depth of granular fill of 8 ft, and a of 
- half angle of 60°, would load an area of 13.4-ft diameter, or 140 sq ft; jand, fora te Me 
depth of 4 ft, an area of 225'sq ft. The respective uniform unit loads.on the nied 
mud surface, for P = 50,0 000 Ib, would then be 360 Ib per sq ft, and, is 
_ Using the load of 225 lb per sq ft on the surface of the mud crust, and as 
neglecting any value in the mud crust, the maximum shear, from the foregoing ee 
statement, would be about 70 lb per sq ft, and would occur beneath the center | 
of the wheel concentration and at a depth of one or more feet below the mud — 
crust. This might place the highest shear stress in the semiliquid mud; hence — 


itt becomes dreonegyss to determine | whether the 1 mud can carry @ shear of 70 Ib. 


A 


- until the material flows sufficiently to reduce the maximum tress. 


'o determine roughly what shearing strength the mud possesse ed, a test was te 


made by screwing a duckpin ball to a galvanized pipe and loading the affair. 


table 


ove 


(Pounds) 


a 


Time (Minutes) 


_0.005 45 


40-250 3008 3:10 


a Fig. 4 shows the curve of this test, with | deflections, loading, time, and average 


-welocities of descent. The test could not be ntirely continuous, because twice 
Series 59, The Inst., p. 
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was to add of pipe, which involved 
j 3 ~The ball had a diameter of 4tin. T he site chosen at point X, Fig. 1, wasan 
mi “a area in which the mud had been decapitated with a drag scoop about 18 months @ 


ae previously, and had then dried in the sun as shown in Fig. 2. The test was ; 


- started ata depth of about 1.67 ft below the surface, , which was where the mud te ms 


was close to the plastic limit. It was impossible to know what friction was ‘3 
developed on the pipe, , but the mud t tended to develop ) aN water film on the pipe oes 
ts ie as it closed in behind the ball, whose frictional resistance would be very small. 


a Therefore, a friction force of 20 lb per sq ft of pipe surface was assumed. tim og q 


In the deflection range from 2.67 to 5.60 ft, the coefficient of viscosity is a 
ry on about 3,400; from 6.98 to 10.39, about 6,300; from 10.60 hes 13.09, 9,700; and 
13.09 to 14.43, 5,900 (anit are If a value 


4, 


to about 60 Ib ber sq ft at a penetration of 14. 43 ft, seemingly 
indicating an increase of viscosity with depth. These data represent the most 
at: ay extreme condition of fluidity that was known at the beginning of operations, 7 

AT and the results obtained in placing the granular fill confirmed later that this oT 
os eater d equaled the worst conditions found anywhere on the site. In fact, 

greater | difficulty was encountered here (and at one spot still farther north) 

ee a ‘result of th the test it was f felt that present sirplane loads of 25 tons per 4 

- wheel can be carried safely with 4 ft of fill, and for most of the area 3 ft was 2 

sufficient, in the writer’s judgment. Furthermore, the filling operations should ES 

be handled in such a manner that the mud would be stressed higher than 50 a e 
— Ib per sq ft in shear when movement was desired. _ As the mud dries slowly with 9 5 
the increasing of the crust will permit higher loads to be 


Hy 


“As a practical check on the mathematics, a load test was 


Aig pair of dual wheels, and a load of 5,500 lb on ‘ies front axle, equipped Bes vine 
inxs 4 wheels. The wheel base of the rear end is 4 ft 3 in. between axles, and the mak. “ 
: axle is 15 ft 10 in. from the forward rear axle. The truck body is 8 ft wide. a 
“. ea The rear dual | wheels are 12 12 in. apart, ¥ with 5 ft t between centers of inner bee é 
All wheels are equipped with 9.75 by 20 pneumatic tires. This truck was 
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In Eq. 2 P is the load on the sphere and a its 
a hee: aa Qn this basis, with pipe friction deducted, the unit shear in the mud, as the aa : 
i 
= 
: 
3 
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om 


by? 


3 roughly, the load ‘on one single airplhne wheel group. 
; truck was driven about the field where granular fill had already been 


about 2 ft by 5 ft or somewhat one each set of four 
aving loads to these, the load 


wheels’are from 18 to 22 ft” ‘apart, whereas't the two areas s combined approximate 


placed. The most severe condition occurred at one spot where borings indi 
cated | a a depth of granular’ fill of only 1.9 ft measured from the surface, and 
gc anni several inches less from the bottom of the rut which the tires made ir 
the soft, loose; ut untreated airport ute (see Fig. 6) . In some areas a bull- 
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dozer was required to > increase the tractive effort. 55 The truck was left i in such 1a 
position for 24 hr, and showed a settlement of about fin. Again at various ye ae 
a = a 47-ton ee crane on a wood mat was operated continuously upon 


n “a ie g. 5), making a total rear-end load of 22. a -— 
1) 
— 
> 
— 


fill, and then to move 

“thixotropic”—that is, it becomes less viscous and more fluid ‘when 
_ but regains its viscosity when allowed to be quiet. The truck-hauling roads 
also “held up” with a depth of about 4 ft, athengp! in the softest i areas tl there was 


slow and continuo 8 


STRESSES DuRING OF THE BLANKET 
1912 D. Carothers® derived a method of computing stresses within an 
a = a elastic body when subjected, not to point loads, but to uniform, or uniformly 
varying, loads, having application only to 
ie assuming certain plane harmonic functions, or combinations of functions, 
¥: 4 ‘derived the stress and strain, for example, for a load having & triangular cr cross 
section, beginning with zero load along a straight line, and increasing linearly 
¥ at right angles to this line. If, at a distance a, a reverse load of equal amount 
is then applied, there results a load condition which represents a uniform ‘al 
bounded on one edge by: sloping berm. - instance , this: would r 
the condition of the airport under a uniform fill advancing across the field zi 


vou 


ee with a straight front edge and having a slope along the front edge (see Fig. 7). b& 
a other modifications he obtained the ‘Stress condition for an infinitely long 
prismatic load—as, for example, highway or ‘railroad 

- _ The writer converted this principle to derive the stress condition when a 


trench of infinite length is opened 1 through the the dried mud crust | (see Fig. 8). 


2 


ee He then amplified this s theory by su superposing 2 a triangular p prism along: one or 
‘ ee both edges of the trench as shown in Fig. 9. Since shear stress is the condition _ “~~ 
sought, the shear for different types of loadiiig was computed, and is shown i in , 
= Fig. 9 in a section at right angles to such loadings, with a sloping berm, having 4 
_ a horizontal width, a, the depth of fill being A, and the weight of fill w h, or p, 4 
Bre per square foot. The drawings are dimensionless; that is, they are proportional 
aba Se throughout to the length a, It will be e seen that the shear is maximum, for —— 
a Se blanket, under the middle of the ‘slope, and at a . depth o of about 3.5 a, with a ag / 
__- value of 0.318 wh. For other relations between the width of side slopes and the ae 
i width of the trench, the numerical results would change slightly. _ The maxi- 


i ‘mum shear occurs at a depth 1 approximately ¢ equal to a and has a value \ varying 
a noel from 0.31 p to 0.35 p. Fig. 10 represents half of the width “ax a s runway, having 
a crown equal toh, bordered byatrenchasshown, 
Fig. 11 represents the program that was. established fs the construction of 
oe the r runway fills through the soft mud areas. The initial condition is shown i in 
"=f Fig. -11(a), and the final condition in Fig. 119). . The runway is crowned, and a 3 
at each edge there i isa perforated drain. = _ The depth of granular fill is. 4f ft, bs 4 
as is the minimum depth | of each lateral drain. . Fig. 11(6) indicates the mud : 
A area that is subject to motion for the condition shown. The intent was to : & 
- construct, first, a hauling road down the center of the runway, noted as Fill 2, > 
(if a hand-placed fill, marked Fill iy placed previously. Fill2- 
_ settled under the vibration of the trucks hauling in the material, and dumping : 


“Plane Strain: The Direct of Stress," by 8. D. Carothers, Proceedings, Royal Boo. of 
Landon, Vel 1920, Series A, Pp. 110. ony it! TO a 


slowly settle, so that every hour or so it was necessary to back it off and place 
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* WHEEL LOADS IN SOFT 1 FILL 


= Present Mud Surface 


Excavate Mud Continuously 
from Both Trenches, a and 


_ 


as Fills 3 are Built Up. 
Similarly for Fills 5 and 6 


~ 


sa The same dicctloties applies to all of the fills up to Fill 7. 
Pe... place lateral drains ¢ at each edge of the paved runway i in the soft mud 


om no certainty that the drains would remain see they were ‘placed. Hence Cae 
‘Fills 7 were e designed to extend | much deeper, and to pass entirely by the site 


of the sewer. _ When they were completed the sewer would then be constructed: 
ar, was an important additional concept, however, in in the trench | shown 


utside of the sewers. These trenches, known as 


it along the two sides of the F 
| As the trucking operations Te sink Until there was « depth 
Fills 4, the hauli over Fills 3 caused 
SSS 
= 3 Ft Minimum of Granular Fill 
| 
| 
— 
4 
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‘WHEEL LOADS IN SOFT 
‘bleeding trenches,” were. planned.as the line along which mud would be 

; excavated. As the crust would be cut near the same line for the sewers any- 


2 The job was begun as planned, manned almost entirely with hand labor inl 
vey - trucks. _ The lateral trenches were opened, and the granular fill was brought 


in along the center line. Where the mud was: too stiff to flow into the trenches, 


Leo 


triangular fills were e placed alongside the trench, go as to squeeze the mud out 
oO into it. Of course, there were many spots where the “fingers” of fill placed in x 

Pls the previous operations cut the mud areas sO materially that it was necessary — 
ia adapt the scheme to local areas. This was done merely by treating ‘an area” f: 

rf ay as a circle, or as several circles, and by excavating the mud from the center and Be « 
allowing th the marginal fill to sink, which it did i in the form of a large crater. F % 
‘The landing | strips. have a width « of 500 ft, but only the central 150 ft (200 = 
ft for one runway) is paved and underdrained. _ The treatment of the 175-ft “a 

_ strips outside of the paving was the same, there being an outer trench along the 


ae This theory (which is "developed from Mr. Carothers’ system!) is not a a 
_ theory of viscous flow, but of static stress in shear. - Until the test value of 50, 3 


ig 


ig 75, or 100 lb per sq ft shearing stress at failure is passed, the mud acts as = 3 


om a. elastic body; after this stress has | been exceeded, the mud acts as a viscous fluid. 
_-- Therefore, the criterion is the shearing stress at the weakest point under each 
: _ load condition. The criterion is indicated by the curves of unit shearing mod 
One of the actual trenches is shown in Fig.12. 
ca After flow begins the mathematics is complex. Inn many cases the condi- 
; = tion can best be described under the caption ‘ ‘isostasy.” The granular fill, 
oe - plus its contained rain water, plus tes mud beneath, must balance the mud alone 
s—h: of course, that there is not exact 
cil equality of balance, because viscosity elds ‘unbalance. The result of placing a 
7 fill upon an elastic membrane which covers and contains the the mud micicenete to be 


perfectly fluid) is s shown in Fi ig. 13, in which 


wave is quite the waves Suis have 
2 veloped on the field. It is clear that the shear i is & maximum at the edge of the the 


= Of the dried mud crust be a membran 


: 


¢ 
— 
— 
J 
— 
— 
at 
— 
— 
— 
in 
i, and h = depth 
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- LOADS IN SOFT FILL 
it ecldom: that the crust sheared, 80. that i in effect crust 
did forma membrane. At the north corner of the airport the runway grade i ry 


3 ft above the. field, and, because of ‘this inclination | of the crust | as the fill 


Fr 


Fie. 12.—One or THe Bieepine Trencues Arrer a or Rauvy 


‘reached solid fill, when it would at times be forced up over this fill like i ice on a wt 


lake shore. . This was corrected by filling uphill instead of downhill. 


Ws 


! dt In the area near where the ball test was made the mud did not behave as — an 
well as Through of foresight, and due to the fact that tl the fill 


Values Weight of Granular Fill Load, 


te 


an 


Fie. 13.. —Form oF Mup Wavs, Assummne Crust To Ba aw Exastic 


occurred only along one side of the runway, the lisuling road‘ was held too long 


at one site, with several fills made upon it in order to maintain grade, « The 
result was that after a heavy rain storm a considerable area sheared 
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e. 
At point, very close to the south ot orm the field (where the mud i in q 
ea general was stiffest), there was an area of somewhat similar character in which 
the granular fill subsided, and the mud near-by rose until it ‘stood perhaps 5 ft 
Bi: iW higher than the granular fill. Ww hen such settlements occurred, the soft mud 
eo ‘from below would issue slowly through the crack between the two areas, and 3 
Ted a4 would “cauliflower” out like the smoke discharge from a volcano, extending at 
times two or three feet above the surface and slowly drying out. (A discussion ee 
of a plastic layer between brittle layers, dealing with the development of salt 
domes and evidences of motion in the structure of rocks, was presented in 1931 _ z ' 
by A. Nadai.’ For example, the flow of the salt layer under the superincum- 
>. . layer er of rock is described, and its accumulation at points of weakness to 
ag e. _ form domes. Photographs of models demonstrate the flow of lava through the © 
a ae throat of a voleano; and they also ‘show slip lines where the plastic materials © 
see have sheared on either side of the throat as well as flow lines indicating 2 a: 
‘: eo oP character of flow into and up through the throat. At the lower end of the 
2 iF : throat the slip lines converge, and the flow lines indicate a sort of “vena con- — 
. ee, which disappears at a height in the throat of roughly three times the 
throat such as is characteristic of a with 
ee As stated, the work was initiated as a . purely hand-labor ‘paints having | 
about 1 ,000 laborers ar and truckers working ir in shifts. The t bleeding 4 
; a alongside upon which to wheel away the mud in barrows (see Fig. 2) . The a 
ome - mud was sticky, which made it difficult to disengage it from the shovel unless ae 
pail of water was handy. ‘The men had to stand on Each day the 4 


basis of an of one foot between the trench bottom and the 
Bi ries and a shear stress amounting to 0.3 wh, the mud here had a shearing = y 
= strength of about 30 lb per T sq. ft, the site having been selected in the area of i 
Pp 8 softest mud. There were m many small areas (as shown in Fig. 1) which w ae a. 


_ The plan of the work is shown in part by Fig. 14 ony which i is a part of the 
runway. The trench layout and the location of the 
- triangular loading fills are shown clearly, as also are the boring depths to the | g 
mud beneath the granular fill of the original contract. In the northerly part of 
_ this runway the method was successful, but near the southerly end it was soon ; ne 
- found that the mud was of almost « t cheesy consistency and required e excavation 
_ The "* saper: method, however, proved to be too slow, | and progress was 


al 
4 Se 
g 
a 
4 
again to within about 6 in to 12 in of the surface the cross section of the 
2 
“Plasticity; A Mechanics of the Plastic State of Matter,”” by A. Nadai, McGraw-Hill Book Co., Inc., 
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= width of the runway, because | , the crane booms could not reach sufficiently far “a 
an Again it was unnecessary to use the triangular loading fills mentioned Se | q 
2° ¢. because, in a sense, the crane itself, and the trucks serving it, constituted such 4 
a fill, a , and because of € excessive vibration. was desired as far possible to q 
ss preserve the dried crust, but a continuous strip operation could not be adhered 4 
e - to everywhere; and in lieu of the continuous strip, a local treatment was § 
oe adopted. . This consisted i in forming a a loading fill around small cells, by pushing if a 
; ta the fill out with bulldozers to form a pocket, and then bleeding the mud out a 
with the crane from a central point of the cell which was within reach of the _ 
boom. _ The net effect of this practice is that the granular fill was Placed to 2 5 i 
: reasonably uniform dey pths, but at the center of each pocket. or cell the fill 
ss: - finally closed in upon the surface of liquid mud and not upon dried crust, which 
oan ‘means that each such cell will dry more rapidly at its center. In other words, ag a 
it will dry more rapidly at the point or points from which the mud was bled, — ey 
¥ and the runway paving, therefore, will develop a sag at each such spot. _ The a e 
principle behind the continuous trench method, as already explained, was to a 
s preserve the dried crust over the entire area of the runway paving excepting a 7 


narrow strip adjacent to the lateral drains, where no method of construc- 

Lest the i impression | be gained that the trench method, or ‘the cell method, 


a could have produced a , paved a area that would ‘settle with perfect walleraliy, A 
the writer emphasizes that only in the areas where the mud was exposed over . 3 


- 


A most pertinent question must already ha have formed i in the reader’ 
ee iy namely, ‘Why should the City of Baltimore undertake to construct an ¢ airport — 
oe iis upon such a fill? The question was answered by the two consulting engineers y 
employed in Stage Two.* The first reason was that the airport | had been 
oat constructed far beyond the pierhead line of Baltimore Harbor, under a arevocable . 
4 tee ‘permit of the federal government, and if not used as an airport it was subject 
such a “cloud” on the title that it would be unsalable; the second reason was 
oa Be wh that the city had $3,000,000 invested i in it at the time of the engineers’ report. a 
ie Another and more excellent reason was that this site is one of the finest on the : 
Atlantic Coast for a seaplane base, : and under the law the landplane base and 
seaplane base must be contiguous. such reasons the city was forced to 


relatively 1c long distance could the trench method produce uniformity, and there 
were several such areas having» lengths of 500 ft and more. Inspection of 
7 . hth _ Figs. 1 and 14, however, will show that the previous filling operation had left a Be 
the field in such a large percentage of the area of the runways 
4 


the airport, regardless of the character of the mud that had been 


|. 
very cold, so that 
efficient work was impossible. When the engineers decic 
— 
— 

a 
‘ 


hy 


The that the an settle years to come 


The mud surface has performed as was predicted, because there was & settle- 
ment of the surface of from 2 to 3 ft (in a depth of about 25 ft) in ten years. 
However, the rate of settlement slows rapidly as the upper part of the mud 
dries, because the rate of percolation of the water to the surface where it can 


ee dry out in the sun is extremely slow, due to the fineness of the mud particles. a 
04 Where the dried crust was undisturbed i in the operation, the sottdemenh  Gfeniaes 


settlement will be because the upper er part of the mud will dry 
by absorption of water into the dry fill. This was one of the major reasons e i 
why the he writer endeavored in every way not to remove the dry crust. 
- Where the stabilized surface of the runways has been completed for six we. 
= to ten months the settlement has been sufficiently uniform so that few water 
_ pockets have formed on the surface, , despite the fact that the crown of the run- i 
ways is only 9 in. in a width of 150 ft. | ‘However, where one runway crosses a 
- three main sewers that were built previously upon a pile foundation, and over tee 
an old buried concrete bulkhead, there is aa evident settlement of nearly 3 in. 
No other measurements can be made because the surface of the stabilization ie 


was not sufficiently exact to amount of 


ar e required, were 
"vided the Works Progress with Lt. -Col. Harry D. Williar, 


“Soe. C. . E. state director, Division of Operations. The work was “done 

under: ‘the direction of George Cobb, chief engineer, and handled directly by 
Charles F, H. Foard, associate engineer. Sewer construction was under the 
; = direction of George E. Finck, M. Am. Soc. C. E., sewerage engineer. “Paving” 


and grading were under George A. Carter, highways engineer, and were handled 


consulting engineer, and was directly responsible for all mud and 
placing of granular fill, as ; well as for the buildings a and field lighting. froth g 
alt 
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ae: field tests with observations of actual construction procedure and of results 
forms a valuable contribution to the subject of control and use of unstable es 
# . = areas. The superposing of a granular sand as a blanket over plastic ea 
semifluid soils for the preparation of roadways is often part of heavy construc- 
‘procedure in outlying» areas. Mr. Pagon’s s analysis of the necessary 
of granular materials will be of greataid. Asreported bythe writer’ 
; ind 1940, similar results were found by trial experience in the construction of = 
- AS temporary roads in salt marshes. A blanket of sand 3 ft deep, placed by ee 
dumping from trucks, provided a roadbed which sustained heavily loaded con- a 
struction trucks even though the adjacent-ground could not be walked upon. of 
Pa In very soft spots a layer of metal mesh or chain fabric Pressed into the top 


_ which the natural consolidation of the material makes it somewhat softer than 4 


the adjacent consolidated area. Such a method would aid in reducing the a - 
costs of runways placed upon plastic mud i= 
_ The action of the diaphragm formed in the contact zone, where tl the granular a 
" mmaterial and the finer grains of the original plastic mud intermix, was studied — i 4 
very: ‘carefully by Gen. M. C. Barberis, of the Italian Navy, from 1910 until 4 
quite recently. One of the reports easily available was presented at the 16th q 
Sars Congress of Navigation, Brussels, Belgium, 1935, under the title, 
ae “Recent Examples of the Foundations of Quay Walls Resting on Poor Subsoil.” 4 a 
1 = This i is the only report written by General Barberis in English, and makes rf 
4 ‘Teference to his various other more lengthy papers in Italian and French. __ + 
Pe. big A summary of all of the studies made by General Ammbyitacs as listed by him : 


in 1931, is as 


te (1) Docks built in Spezia, Italy, on a foundation of fluid subaqueous mud 
ce showed movements in accordance with the hypothesis and theories of Vierendeel 
The interposition ofa layer of clean sand hydraulically between _ 
3 subaqueous mud and rock-fill foundation of the docks shows a resistance three 


=a times as great as would be expected from the Rankine theory in the work per- — . 


_ formed from 1912 to 1915, and six times the theoretical resistance was found in * 


a 


the work performed from 1980 to 1984.0 
Ss (8) The great additional resistance resulting from the interposition of a 
res clean, fine, sand layer is due to the large guewsneei between that material and the 
Sa as (4) When the sand layer is ‘sufficiently extensive in area (say, 200 ft eee 


. Pa sured at right angles to the face of the dock) ; a thickness of 6 to 8 ft is sufficient 


a 


Proceedings, Conference on Soil Mechanics, 8. P. E. Purdue Univ. Ind., ‘BP. 


to imprison the underlying ; clayey mud. After this condition had existed 4 
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not ecataiiatel very far intg the sand and that below the contact zone the mud 
4a. had not been changed physically from the samples of uncovered or natural mud. 
Settlements of rock fill placed on the sand in 1912 had practically ceased in 1927. 


ss ail (5) The artificial sand layer was dropped through : 30 ft of water and spread — 


very rapidly, and in a short time covered a large : area of mud without disturbing 
the structure of the ancient mud et 4 i 


"underlying mud strata. Analyses indicate that a 15-ft depth of sand Jeliminated 
any possible excessive horizontal forces in the mud layer. de 1964 
G pee (7) In the work done between 1930 and 1934, sand placed 9 ft thick upon the 
mud supported loads of 2.71 kg per sq cm, or approximately 3 tons per aq ft 
_ This was seven times the theoretical bearing capacity 0 of the mud layer. 3 an 
‘ ae te (8) In asection of the quay wall at the pierhead of one of the breakwaters built i 
in 1934, with loads of 2.5 kg per sq cm placed o1 on asand layer 15 ftthick,therewas 


i. beyond the limits of the load. ‘This indicated definitely that the sand layer va 3 
; ees the full load and distributes it to the mud without any local overstresses. oar: 


As Mr. Pagon states, the ‘general idea of covering mud fill with granular 


Barberis. Developments of these studies to application for i increasing 

the bearing values of mud fills not only for airport runways, but for the support 

of structures and roads, will be of great va value to the e profession, and as i Hs 

contribution along this line, Mr. Pagon’s 8 paper is welcome. W998, 

W. Wartrers Pagon," M. ‘Am. Soc. C. E. —The ‘citation, by Mr. F eld, 

of work done in Italy is very much to the point in any discussion of construc- — me 

_ tion upon foundations wh which are of | so so yielding a a character as those of the 

Baltimore Municipal Airport ; and of many docks, quays, etc., which necessarily — 

‘must be located i in n soft bottom. A method of handling such loca- 


PAGON ON WHEEL LOADS IN SOFT FILL 
— 
‘the settlement of superimposed structure can be computed from the consolida- 
— 
— 
supported 2 km (1.24 miles) of breakwater. Similar construction of break- 
waters was used at Kobe, Japan, except that the mud was disturbed by dumping 
rock from the surface into a trench dredged forthe sand layer, 
Pa |} (10) ‘Tidal changes of the range of 6 ft have not affected the stability of a fd 
results are to be expected. Such uniformity is more easily obtained by placing 
= 
— 
— 
a 
oa 
|The engineering profession would have profited more if Mr. Feld had iv 
ties of Vierendeel and Rankine mentioned in Items 1 


the Rankine theory then would some idea of the shears involved. ft Un- q 


3 the cohesion between sand fill and mud is of considerable 


ae portance; but such a contact surface » does not in any way diminish the liquidity Fr: 
‘¢ of the mud until a long time after construction is completed. This is true 4 
Beir. Aa because a long time is required for the mud to exude its water against the tena- _ . 
_ ¢ious force which causes it to adhere to the mud particles and against - 
re high 1 resistance to percolation through the minute interstices of the mud. | If the at : 
area covered i is great, and, if the shear stress in the mud is not exceeded locally, __ 
tg there will be no displacements, but only a slow settlement as the water leaves it. 4 e 
experience at the Baltimore Municipal Airport has been that at two 4 
areas there has been localized settlement, amounting to y about 15 i in., , which was . a 
Be repaired by filling in and replacing the bituminous surfacing. © One of these q 
ay areas had previously given trouble (as described i in the paper), certainly not s 
i son much due to a yielding of the mud, as to the fact that the fill was ‘being 
a placed during a very wet March and was thoroughly soaked, so that the trucks _ 
hauling fill wallowed in the soupy fill. This clayey 1 material, therefore, heiaine 
ea "> Supplementing the data of the pa paper: A recent test was made, for the writer, _ 4 
cae of some of the undisturbed mud crust, which, so far as can be known, was not c 
disturbed for thirteen or fourteen years but lay drying in the: sun. The 
8 - was taken from a depth of about 12 in. within this crust, where — 


still was considerable plasticity. The compressive strength was 40 lb per sq 
ft, or a shear strength of 20 Ib per sq ft, which is less than the results found in a ¥ 
the ball test described in the paper. content was. 126% dry 
The initial modulus of elasticity or deformation was 400 lb per sq ft, 
as as compared with one sand test in which the initial modulus (stress difference — : 


+ axial re was 400, 000 Ib per sq ft, the minor ‘principal stress being 2, 000 


One point might here be nail that where are 
involved, failure does not develop when some small part of the subgrade is 
a a overstressed, because merely local yielding occurs. Failure develops only when 
* 4 dy yielding occurs over a complete surface which extends to the top of the sub- 4 
Yad _ grade, such that the material can be thrust aside, allowing the load to penetrate. j = 
y For a circular area on a level surface, a uniform pressure of 3.1 times the — 4 
‘shearing strength will cause local overstress, whereas 5.6 times the shearing 
Stem is required on a circular die to reach the maximum bearing capacity. q 


J 


“History of the of Lateral Earth Pressure Theories,” ‘Precedings, Brooklyn Engrs. 
January, 1928. 4 
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i Paper No. 2195 


VISCOSITY AND SURFACE ‘TENSION EFFECTS 
CE 


AL A. Katinske, N. Cox AND F. 


‘Wisconsin, in Madison, are reported in this 
V-notch weirs, with six different angles, were tested, with heads 


reported are 45 tests made at the University of of, California, in 

with two. oils, at heads up to 0.20 ft, and 92 tests made a at Cornell University, : 
in Ithaca, N. Y., with water, atheadsupto3.43 ft. 
es The purpose of the Wisconsin tests was to obtain experimental data with — 
regard to the effect. of viscosity and surface tension on a weir coefficient C. 
s It was found that the weir coefficient increases with both viscosity and surface . 
< & tension, and that it decreases with increase in head and angle of V-notch. — 

A general « eq uation expressing these relations mathematically was derived 

a with the aid of dimensional analysis and is given in the paper, along with the | 
limiting conditions beyond which the equation is not valid. As it should be es 
et good for any | oil, its validity w was checked with ‘Previously unpublished data 
"from tests made at the University of California with two different oils. The 
a coefficients computed by the general equation were within 1% of the test values. ad 


are given which express the results of these este. 


nd ar 


Norg.—Published in March, 1942, Proceedings. 


The letter used i in this paper are | defined where frst 
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s that of water; surface tension _ a 
e Viscosity varied from 1 to 150 time 
In 
— 
values of C computed from the g q ia 
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_ Since the first work on V-notch (triangular) weirs by Prof. James T 
a 2 in 1858, man} experimenters starting with the equation 
have: the value of the coefficient for various values of 
of notch, type of weir crest, size of approach channel, and temperature of 
yP 
a Numerals in parentheses, thus: (13), refer to corresponding items in the Bibliography (see Appendix). ; 


a: 

4 

 _ 


The effect of the angle  noteh is is eliminated b by 


an 5 


“and 6 is the angle of the notch. _ The value C in Ea, 2 is really the deena 
less ratio of | the actual discharge to the discharge as computed by calculus 
methods, usually termed the theoretical discharge. Therefore, C should 
_ express the effect of the various physical properties of the flowing liquid, other 
_ factors being constant. . The1 methods of dimensional | analysis have been ap- - 
plied to this problem by Hubert Mawson (8), B. M. . Thornton, Ed S. Smith, Jr. g : 
ad, and H. N. Eaton (5), but all the experimental work by which they prove 
their conclusions was done with only one liquid— —water. | ‘Since the physical 
properties 3 of water change little with temperature, it was necessary | to experi- 
ment with liquids having widely different properties in order to show definitely 
po how the value « of C depends on viscosity, surface tension, and density. i; 
— ee groups of 1 new test data are reported. _ They are: : (a) Tests made ae s 


the University of California under the direction of Morrough P. O’ Brien, M. 45 
Am. Soe. C. E., . and (c) tests made by Chitty Ho, Assoc. M. Am. Soe. C.E., ee rae 
and Sze-Ling Wu at Cornell University (7). The trade names of the various ah 
_ oils used have been replaced by arbitwaty letter designations, serving the same ms 
purpose as far as | discussion is are 


Wisconsin Tests—The apparatus used in all tests with water r and oil G 
is chown f in Fig. 2. _ The weir tank had for its front end a frame of 2-in. steel 1 
angles. ‘Two steel end plates, ¢ one above the « other, closed the opening in the! # 
ia frame . Asmall opening through which the liquid could flow was cut in the _ 
_ upper plate to which were volted two! brass weir Plates as shown in Figs. 3 and 4. 
Two designs of upper end plate were used—one for the 10°, 20°, 28°, and . 
and one for the 60° and 90°, V-notches. It was thus possible to use the same 


_ The weir plates were ¢-in. brass plates, 83 in. by 13 in. , beveled to dyin, 


= thickness at the weir crest, with square uneibeans’ corners and straight edges. 
- A filler plate with the correct angle was in place below the weir plates, as shown a 
in Fig. 3, throughout each s series of runs, in order to a 


A a ft with the 10° notch and 7. 0 for the maximum. head of 0:50 ft with the 90° 
‘goteh. The width of the channel of (3.5. ft) was 7.0 times the head 


and since this is the mos 
and sine In Eqs. 1 and 2, Q, of course, is the flow; 
the starting point in this paper. In Eqs. ane uc 
] — 
— 
y 
— 
= 
— 
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tch 3 ft above the bottom of the tank. This gave 
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‘weighing tanks. coil i in the sump | tank was with steam and cold- 
‘water connections and was used to maintain a constant temperature in the 
liquid. From the sump tank the liquid was pumped to a constant-head tank 
~ from which i it flowed to the weir tank. me The liquid entered the wi weir tank be- ‘e5 
hind a series of three baffles, the last of which was 7 ft 9 in. from the weir plates. * 

Sg flow from the last baffle to the weir plates was exceedingly smooth, and © 
the head was maintained constant throughout each 1 run. 
*) 3H The apparatus used in the tests with oil A was 3 essentially the same as with 
oil G, with one exception. Each V-notch was cut in a single brass plate 12 . ; 

y 24 in. by # in. thick. The edges were beveled to the same profile as in the Se % 

ther tests. The principal objection to this type of notch was the difficulty 

n fixing the exact vertex of the V-notch at the —s intersection of the 
sides, particularly for the narrow angles. = ch 

_ Measurements. .—The head was measured by gages” reading to 
(OO 0001 ft, one on each side of the notch and rigidly fastened to the headframe a. x 
_ as shown in Fig. 3. A third gage 5 ft upstream from the weir was also read oe. 


were beyond any drawdown influence from the notch. This method of reading 
— was much more satisfactory than the use of a hook gage in a stilling eh 
a 7 well, ‘Particularly at high temperatures, for it was found that the level of the 


level being in proportion to the difference in liquid density » the 


variation between stilling well and weir tank. 
_ Zero readings on the hook gages were ‘obtained byt measuring with a small ES, 
auxiliary micrometer hook gage from a shelf resting on a small disk placed i in . the 5 
i _ V-notch, to the level of the quiet liquid in the tank (Fig. 3), and computing the — omy, 
i, i difference i in level between the liquid ar and geometrical point of the notch 


ealibrated, measured the weight to 0.01 lb. For a more than 
a 300 Ib a large tank with a maximum capacity of 1, 500 | lb was used. The scale 


; was ‘sensitive to 0.2 lb. Runs of 5-min duration were made for low rates of — 


flow, the time decreasing to about 1 min for high rates. Time was measured : 3: 
by an accurate stop-watch, graduated to 0. 0.2 sec, with the reading estimate uk 


accurate 
2%, of them being accurate to within 0. 1%. 


of this magnitude. the notch into funnel shap a3 
4 
— 
— 
m3 
a 
res 
— 
— 
— 
‘tween tw bar was used instead of the by weighing the liquid. 
notch a level bar harge over the weir was determined by weig — 
— 
d readings were estimated to the nearest din cctiputing the volumetric 
helt, ual temperature of the liquid was used in com 
* 


V-NOTCH © COEFFICIENTS 
Physical Properties of Liquids. A was a fuel oil, No. 5 type 
on coal to reduce dust trouble before e delivery. Both were selected because 
Be. of their viscosity tenge and also because the 2,200 gal required in the circu-— 
lating system could be resold 
after the tests were completed. 
water was used in all the 
water tests. The appearance 
of the liquid jet for oil G. may a 
beseenin Fig-5. 
The density (p) of the liquide 
in the tests is shown in 


‘Fig. 1(d). The values" for oils 
_Aand G were obtained by tests 
a with the hydrometer an and West- a 
balance, and by weight 

determinations, using flasks of 
volume. _ Plotted points 4 


= 


; 


by means af an Ost- 
viscosimeter. The instru- 
was calibrated with dis- 
tilled water as recommended 
the American Society for Test- 

ing Materials (A.S.T.M.) Stand- 
ards (1). The curve in Fig. 
is the ‘International Crit- 


~ constant obtained by calibration. - Test data for oils and a comparison with — 
water curve is shown in Fig. 1(a). Computations for Reynolds’ number R 
were made using values taken from the smooth curves. loader 
At ee ‘Surface tension (¢) was determined by measuring the rise in the capillary a 
; . tebe of the apparatus shown in Fig. 6. “The difference in level between 


Bh noe in the two legs of the U-tube is directly proportional to the surface ten- — + 


This. capillary | rise was measured ‘with:s a micrometer. comparator tele- 
reading to 0.005 mm. Comparison of the test data obtained with dis- 


is given in Fig. 1(c). data from oil measurements and the mean curves’ 
== in computations are also shown. The water bath shown in Fig. 6 was - 


4 "California Tests.— "The two oils M and C were used in ‘the California tests, 
ee if hich were conducted at low heads (all less than 0. 20 ft) and with 90° weirs. “g 


ests were made with each eve at two 70° 


| 
4 
4 
SE 
— 
* 
5 G Ovan 4 60° V-Norox | 
plotted points were obtained from water measurements using the instrument _ 
: 
at 
4 
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‘COEFFICIENTS 


3 consisted of a weir box 144 in. high, | 10% in. wide, and 403 i in. . long. It con- 
tained two baffles, the last one 24} i in. upstream from the 3t- m. by 6-in. eel 
weir which was cut a 90° V-notch. head gage in a stilling well 3h in. 


at 


bit rat 


= 
alt 


=| 
in diameter was connected to the weir tank with a Fs tube, ‘the connection 7 

eing 15% in. upstream from the weir plate. Maximum head in any of the test _ 


:- was 0.20 ft; minimum head selected fri from the data for use in this paper 
as 0.10 ft. es Heod-sean ‘readings were re recorded to 0.001 ft; time to 0.1 ae 


WwW 
with a minimum of 15 sec at 0.20-ft head; and weights to 0.11b, with a minimum — a 
fiv 


Cornell Tests.— —All the Cornell tests were made with water only, but wie: 
ve angles of notch, 90°, 60°, 37°, 28°, and 19°, at heads up to 3.43 ft a 
_ Table 1(0). _ They ' were made with “brass plates ¢ in. thick and 6 in. wide with ing 
sharp square re edges in order to make the water sheet. discharge freely. 
lates were attached to a bulkhead near the end of the same concrete channel— 
ft wide and 11.6 ft deep—that was used in the weir experiments by E. vw oh ae 
schoder, M. Am. Soc. C. E., and the late K. B. Turner (10), first published 4 4 = 
1927. The vertex of each was set 8 ft above the floor level. A 
closest baffle was 24. 6 ft from the weir. 
connected 11.74 ft ‘upstream: from m the notch. One float gage was equipped 


fa 


:; with a vernier, and readings were recorded to 0.0001 ft; the other was read to 
§ 01 ft and was used as & check only. | Velocity measurements upstream Po 


— 
4 — 
— 
ima 
2 
— 
— 
— 
— 
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| Ranoczor || Boo Rapes: oF 
Heap | TEMPERATURE]; = 


From: | To: | From: | To: From: | To: | From: To: 


(Anatz or Noten Exactiy 90°) wire Warr) 


‘ 


to the h total in was the sum of the head 
_ Measured by the float gage and the velocity head computed from these measure- | 
was measured as in the Schoder experiments. 
io “The date i in Table 2 are grouped into 20 s series, one for each ange of notch 4 
each at a given temperatere. A duplicate series number an 


ae 


gi hee dug devil Curves For a 90° 


independent set of Tuns. original data are o1 on ‘file at the University 
i a Wisconsin, and a summary of data for each run is on file in the Engineering - 


pre Head-Coefficient Data and Curves.—The experimental coefficients for 


90° notch for oils A and G are shown in Fig. curves in Fig. 7 are 


— | | 
aS 
| 
0.12 {0.18 75 || F | 36° 52° 17 | 0.15 |2.98 ig oa 
— 
— 
— 
‘= 
. — 


computed from the formula 


in which B is a known constant; and are constan ‘exponents; and 


Ww = Weber’s number. All test points within the shaded band are within 1% & : 


The broken line at low heads (oil 


at 70° F) indicates the extension of Data, Wisconsin Tasts_ 


3 beyond its range of usefulness. 
At high heads the coefficient tends | 
become constant. Similarcurves  geries | ~ | 
plotted for all the series in Tables 
and 2 show that nearly all test 
points are within 1% of the corre- 70 
sponding values computed by Eq. 3, BoA 100 
that within the useful range the 
variation of the test points from the ae ee 
equation seems to be unrelated to oD 
head, viscosity, surface tension, or 45A 70 


angle of notch, 


45A 100 
45A 100 


The ofa general equa- 284 70 


tion that should be applicable to any 


liquid flowing over a a V- notch weir i is aa : 28G 5 
aided by a dimensional analysis ofthe — 


Seer Br 
SRSSSS 


esssss ssssss 


problem. Although the equation de- 
‘ rived (Eq. 3) is is an empirical one, the 
fact that it is dimensionally ec correct 
should remove some objections to its 
use for liquids other than t those A 
* ‘The discharge Q over a V-notch  @“A” denotes “oil A”; “G" denotes “oil G"; 
weir is a function of the measure Total, 652 


ments shown in Table 3. As L and 


eS 
sssasas ss 


A are functions of the angle 0, there remain, for a notch ofg given angle, : six in- ee 


dependent variables. From dimensional analysis it is known that _ 


be, “According to the x-theorem (3a), a complete equation of the form of Eq. 4 
n which ete., are the independent products of the arguments V, H, 
p, een -, and are dimensionless in the fundamental dimensional units: Force (F), 
length (ZL), and time (¢). In this case there are three terms in the w-theorem, 
each a dimensionless product of semen 
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RANGE OF 
Tore 
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| Angle of notch (projected). . 6 Degrees ¥. 
| Area of notch (projected) Squarefeet 
Density....... per cubic feet 
—_ nds per square foot 
Pounds perfoot = 
Feet per second per second 


VH’V*pH’ V? 
of V- -notch it is th is then possible to write: Rr  ginatelse 


yp 


2.5 
an 5 H f V pH) 


C-056 


0.0 
tember (Thousands) NumberW Bi: 
Ria. FoR (56° to 62° F) FLowine a 45° V-Norcs Wer 


“When Eq. |. 6b i is compared w with Eq. 2, : a solution i is obtained for the weir coeffi 


even if the functional relationship between C and the 


Jess products were known. It is proposed, therefore, to replace V in each of 
the products by a dimensional equivalent, VgH. Then = = 


— TABLE 3.—Vanrast 
— 
— 
— 
— 
— 
— 
— — 
— 
— 
— 
— 
— 
compute the mean velocity of flow an 
: 
— 


9.—ComFFICIENT CuRvEs FOR on a 28° V-Notcs War 
‘Taking | the reciprocal value i in seach, ‘case eto whole numbers, let Reynolds’ 


— they are dimensionless numbers ex] expressing ‘the effect o viscosity and — 


2 
Reynolds Number R (Thousands) 


Curve Water aT 56° F, FLowIne Turovas A 28° 


“surface tension under the given flow conditions. _ However, the exact relation 


x C R, and W for a given weir must be obtained from experimental data. re “This : 
Telationship may be one of many types, but certain well- -known 
: > of C are an aid in determining its character. First, Cis ; approximately a @ con 
stant. Furthermore, it is generally supposed that viscosity plays a much mor 
4 important réle than surface tension in determining 
 . Assume t that C is a function of R alone and independent of ‘Weber’ s number, Be 
and that for large values of Reynolds’ number (high heads and low viscosities) 3 


1/R approaches zero and Cc a constant value 


The 
— 

— 
— 

| 

between VY and ff 1s not expressed, and therefore the usual critical va 

V-notch weir flows. 

— 


in which B, =a Data from tests with water over a 


brass V-notch are shown in Fig. 8(a). Evaluation of constants showsC; = 0.56, 


= 2.60, and n = 0.36. Mr. Mawson (8) first expressed this 


and gives an equation that can be reduced to the form of Eq. 11. 


a 


[ 


own in Figs. 9 
a 10. Again the ee relationship previously noted holds true tw @ 


relationship, the for the line of the form: 


4 mentally it has been found that C; = C;. Coefficients from tests shown in _ 


are Wi in Fig. -80). of constants shows 


‘ets 


Ke 


Reynold’ number greater than 850. _ Evidently the form of Eq. ili is generally 4 


— 
= 
— 
hi 
SEF — 
— 
= 


4 
: 
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Coxe: 


3 a value of coefficient for each set of R and Ww values. 


Both Eqs. 11 and 12 are those of a tine « on 8 plane, the plane wine deter- =a 
‘mined by the ordinate scale C and the abscissa scale R or W. Iti is evident, ; 
7, - therefore, that the straight lines that are revealed on the C-R and C-W planes 
are traces of a line on an inclined plane surface whose three mutually per- 


pendicular axes are C, R, and W. - a line ned 


plane surface is 
he 


288 
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The data as straight lines: inclined planes, one 


a line for each liquid in each plane, and one plane for each angle of notch, Since — 


it is difficult to show such three-dimension figures, the traces of these lines i ine ee 
the plane are e shown in. 11 ai However, the position of any. point 
e, depends on W as well as R. For a given angle sips there is only one — 


1 Evaluation of the constant C, in Eq. 13 has shoy 


for all angles of at leant, through 90°. The general equation for 


coefficient of discharge (see Eq. 3) i is C = 0. 56 + aveds 


lues B, n, and ; m | are functions of the angle oft notch and may i 


— 
ve 
— 
— 
ship =f 
jo — 
— 
— 


om the followin ng equations or read from cu of st 


Reynolds’ N umber— Coefficient Curves. .—Results of the W Jisconsin tests. 


. water and oil G are shown in Fig. 11 where R is plotted against C — 0. 56. 
- Plotted points indicate test values, and the lines that accompany each series sof 


= 


‘both ‘above and below the range of Reynolds’ ‘number ‘where 
Limiting Conditions for Eq. 3.—The use of Eq. 3 is s limited by the following 
boundary: conditions: Minimum Weber’s number (minimum head), @) 


2a ise ‘minimum 1 Reynolds’ number, (c) minimum value of coefficient, and (d) mini 

and maximum angle of notch. 
ee (a) Minimum Weber’s Number.—It is well known that below certain + 
heads the flow over er the notch ceases to j jump free and clings to the 1e downstream | i 


face of the weir plate. With water, heads less than 0.20 ft are to be avoided. 
a ‘However, it was possible to obtain good data for oils with heads a as low as 0. 12, ao 


a4 indicating that clinging. v was probably | a surface-tension effect. From examina- 

% tion of the data it was found that all tests with W less than 300 did not agree 

fi eee _ with Eq. 3. Therefore, this value is considered to be one limiting condition + 
Beek _ beyond which tk the equation should not be used. bac necessary heads heads to ye 


values | are for 70° F, , but very little within the r tinge 


>. 


ke 3 oa not give correct results even if W is greater than the minimum rales 4 4 : 


Sy hy stated here. ~The minimum value of W appears to be unrelated to the angle 
(b) Minimum Reynolds’ Number. Study of Fig. 13 (and similar curves for 
om several values of 6) indicates that, below a certain minimum critical value of R, 3 
any viscosity affects the flow, and consequently the coefficient, in a different man: 4 
= than above that value of R. This change in coefficient is not to be an af 


2 fused with that which has been discussed under the heading ‘“Minimum Weber’s 


example, comparison in Fig. 13(a) for the 28° V-notch 
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that R = = 845, ¢ 56 falls away line of 
e 3 : 3. Although the break occurs at the same value of R for series at both 70° and Be 
100° F, corresponding heads in the two series are 0.363 ft and 0. gods respec 


“game for : all eriti- 
ee value 1 may be expressed by 
equation 


as expressed by R rather than 
changes i in surface tension effect \ 
expressed by W, or head. It 
is also evident that the critical 
_ value of R is much lower than A iy 
can be obtained with | water un- = 
der any - practical test and there- © 063 
need not be considered in 
efficient. —For infinitely large 
values of R and W the coefficient 
‘computed from Eq. 3 becomes 
equal to 0. 56; yet no data 
in these tests or any | 
lished have ever values 
The newest tests under con- 
of R and W are the Cornell 
tests These test values of 
0.: 56 are plotted against R 
in Fig. 14. > In all cases the | 


a8 minimum value and to remain approximately constant at that value for all 


greater values of R, independent of the angle of the V-notch. ‘This constant 
¥ oo of C was 0. 5886. The minimum C obtained by D. R. ‘Yarnall (14) with — 


his 90° notch was 0. miso. wy 
"Although it appears from the data that is a limit to ‘the 


applicability of Eq. 3, the reason for that limit is not obvious. has been 
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§ as given in Table 4 ‘influence the velocity of approach in such a manner oo 


to counteract the decrease in C as expressed by Eq. 3 (Z= =! 
of the notch and = weir from the data in 


‘Degree v- ‘Notch 
60-Degree V-Notch 


4 
$s _ responsible for the constant coefficient. As further proof, it should be noted — 
ae _ that in all cases the velocity head i is a small proportion of the total head, , and 

that the velocity itself, as measured by floats, at the head beyond which the 
coefficient is constant, is less than 0.08 ft petiesé. a Hen; 


a TABLE 4. 4.— —RanGE or DaTa (CORNELL Tests) FOR APPROXIMATELY Constant 


“number...| 142,000 1,669,000 | 294,000 | 2,714,000 450,000 | 3,498,000] 


Mr. Eaton shows also a dimensionless ratio H }w, in which w is the thickness _ 

of the crest. Ifa a minimum value of this ratio. determines the head beyond - 

which the weir - coefficient is constant, this limiting value should be the same a 

e. for both the Cornell and Yarnall tests with 90° weirs. It is not the same, Be 
being 40.3 and 246, respectively. Apparently H/w has no important bearing on 


a the limit to ‘Eq. 3, but w alone may have some bearing, as the minimum cont 4 


0.5 5808. ‘Wisconsin t testa, w= in. approach the latter value 


— 
ade. 
| 
— 
— 
| 
— 
— 
| Head Oy. 0.420 | 2.190 | 0.680 | 2.976 | 0.862 | 3.431 | 0.982 | 
| Discharge Q:| 0.287. | 1795 | 0.552 | 2212 | 0.579 | 1830 | 0.606 
B 0.1400 | 0.7300 | 0.1309 | 0.5727 | 0.0958 | 0.3812 | 0.0817 | 0.2640 
0.0001] 0.0028 | 0.0001¢-)] 0.0050 | 0.0001(-)| 0.0084 | 0.0001(-)] 0.0000 
H/Z.......| 0.0525 | 0.2738 | 0.0850 | 0.3725 | 0.1078 | 0.4288 | 0.1228 
— 


in reasonal 
4 cient is obtained. For all greater heads the coefficient is nearly constant for 
= #y in. at approximately 0.581, which value is unrelated to 0, H, R, WwW, 


Apparently, beyond | minimum values of R and W as 


ue ay mentioned, the viscosity of the flowing liquid affects the internal | fluid friction — 


in head, indicating that the change i in flow with change i in head 


dependent upon the viscosity or surface tension of the liquid. 


a ported i in this paper were on angles v varying from 10° to 90° inclusive, and show _ 


good agreement with Eq. 3 throughout the entire range. 


angles less than 28", however, the Wisconsin tests do not agree with 


other test data as follows—Eq. 3 is: (a) 3. below the Yarnall 


ad 


it 
which i is not recommended for then “dian 34% the 
nell data fora 1 19° V-notch. © In s= ton = the slope of the side, and 


W. Greve (6) did not publish his data for a 10° notch beca' its was 
in harmony” with his other: tests. When such disagreement ‘exists among 
careful experimenters whose work agrees for the larger angles of notch, it — 
_ would seem advisable to restrict the use of the Ms notch to angles between 28° a 3 
cf and 90° if good results are to be expected without an actual calibration of the i 


ail One difficulty encountered i in n the use of n narrow "angles i is the determination 


a ‘likely to be at the actual metal point of the V. It may be noted in Fig. 15 a : 


that Eq. 3, the Cone formula, and Yarnall test data for the 13° V- notch are in Ee 3 


4 


tis When Eq. 3 is substituted for C in Eq Eq. 2, the ee rae fora given — 


Fs anges of V-notch penny: be computed directly from the head because | and water 
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Ae 
as ta make Ka. 83 annlicable The co H 
— 
— 
- 
fot 
— 
te 
— 
— 


Fie. Curves; YARNALL, Conz anp Barr 


ter at 70° ai 


The hy archothy Q, is in cubic feet per second, and H is in feet. ~ The minimum 
value of the ratio i is 0.090. Fors accuracy the head must be mon than 0. 155 


the downstream face of the weir ABLE —Vauoes or 


Water Tests.—Few “Tiquids 0.068 | 0.087 | 0.102 | 0.135 | 0.167 0.267 


” han water haveever been ¢ | 0.588 | 0.582 | 0.579 | 0.575« | 0.573 | 0.569 


<q 
that comparisons with slope Lequale 38°04 


published data can reveal little 


about the effect of viscosity and | surface tension on | the coefficients: vie: 
Eq. 3 is applicable for all liquids of reasonable viscosity, it must be eet 
for water. Head-coefficient curves for water tests are shown i in Fig. 15, in 


comparison with curves computed from Eq. 3, : and démonstrate 

agreement for angles of 28° and larger, = 


be The bog known water py on ‘site are those made by James Barr 


e ran 


eran tests (2a) using a a 90° V cut : 


tan 5 ..... (19) 
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of the edge was reduced to about 7; in. This group of his tests conforms most = is 
aS closely with the Wisconsin tests of Series 90D, and points from his test curve 
% 3 “ plotted in Fig. 15 in comparison with Eq. 3, the Cone formula and Yarnall = 
test data. Above a head of 0. ft the Barr curve shows greater coeffi- 


75% as ‘Plotted; yet, if it is true thet the Barr ci curve should decrease ‘with 
‘ea head to a minimum value of C = 0.5840 and remain constant for all larger = : 
i , heads in agreement with boundary condition (c) (see under “‘Analysis of Data: 4 
Reynolds’ Number—Coefficient Curves”), not unlikely condition, as may a 
be seen from Fig. 9 by reference to Mr. Barr’s paper (2a), the maximum. differ- 

re _ The Yarnall data also agree well with Eq. 3, being within 0.5% of the line 

for all runs o: on the 90° notch and, except for a f fen: runs, within 1% on both the so 

58° and 27° notches. = Eq. 3 is slightly higher than the data for the 53° notch — ; 

a slightly lower than the data for the 27° notch: The Yarnall data for de 

«18% a notch are about 34% above Eq. 3 for the same » notch, as previously die ze 

~ cussed. lt should be noted that, in ‘computing R and W for these data, it ‘g 

"was assumed that the temperature of the liquid was 65° F, which corresponds ~ 

with a unit weight for water of 6: 62.34 Ib per cu ft as recorded. — oe 

The Cone formula (Eq. 16) w was developed from tests on brass | plates with 

Pg-in. or breadth of edge, the latter being the same breadth as used in the 

Wisconsin tests. This formula gives values of C greater than those computed 


at 


by Eq. 3, although the agreement is within 1% for the 90° notch. However, 
bes except for the 13° notcli, the Yarnall data are in closer agreement with Eq. 3 Be 

ae _ Within the range of appl licability, Eq. 3 checks head-coefficient data for 
Be the Cornell tests fairly well, particularly for both the 28° and 90° notches 
data for the 60° notch were lower than computed, and for the 37° 
higher than . With the exception of a few runs, all the data were 

“within 1% of Eq. 3 where it is s applicable. 
Data a Professor Greve on tests at Purdue University caused him to con- 


= 
be 


tag 


V- of the tests (Series D). Professor Greve used s 
plates as compared with the bronze used by Mr. Yarnall and | brass as , 


= by Messrs. Barrand Cone, andthe write. 


Tests.— —The tests on oil the only ones that have come 


‘ are concerned. a Results. of the California tests are e plotted in Figs. and 17. 
Ine each case the plotted points are from test data, and for. comparison the line 
: represents Eq. 3. It is of interest to note that, although they are rather ae De 
variable (as would expected at low heads), the coefficients are nearly 
yet the in viscosity and surface | tension in the 


a 
ii pendent of size [of notch].” The latter conclusion is contrary to the conclu- —. & 
ay 


a 3. 6% range in coefficient at a he ad of 0. 18 ft, 
tests with ‘he most viscous oil showed an increase in coefficient of 5.5% over 
that for water at the same head (0.18 ft). Since the surface tension of the : oils 
tested varied as well as the viscosity, and since the ratio of surface tension t 


_ viscosity varied alen, the agreement is considered satisfactory 


ry 


—— Computed from Equation 
Average f from Purdue Tests 


jn 


92.958 F ik 


960 

17, Curves ror CaLirornia Tests (@ = 90°) 7 


Bw Temperature Effect.—The effect of change of temperature on the flow of 
water over a V-notch is included in Eq. 3. Computations made for a head of — 


0.50 ft on a 90° weir give values of C as follows: at sanads (a 


G. Switzer, M. Am. Soc. [+4 E. (12a), that 


mal 
bout — 
= 
| 
— 
= 
on 90° st of water 
the 90° and 54° V-notches with wate ~ t” after ¢ 
— (12a) that “no point , 83°, 119°, and 165° F; ects 


inclusive, and has been found to hold true for 10° and 20° V-notches tested 


4“The Viscosity and Surface Tension Upon V-Notch Weir Coefficients,” by Arno T. Lenz; 


the temperatu aft 


a 
i (1) The: coefficient of discharge for a V-notch weir, C i in n Eq. 2, is a }dimen- i 


sionless function of Reynolds’ and Weber’s numbers. The coefficient r may be 


ni — from v4 3, in which Reynolds’ number and Weber’s number are 3 : 


._ They m may be computed from Eq. 14 a 


aie 20 ft, and in any case the liquid must not cling to the downstream face 
of the weir plate. The of must exceed a 


= a minimum value of ap approxim ately 


always exceed this minimum. _ 


Upper Limit. —Coefficient C never be “than a 
depending on the conditions| of test. Minimum values for 

published test data are within: 1% of 0.585. ‘The lowest obtained 
0.5808 by Mr. Yarnall. Coefficient C remains constant for all values 
and W beyond that at at which the minimum C occurs. 


Limiting Angles.—Eq. 3 is applicable for an angles at least 28° to 00°, 


” (3) A head-discharge equation for the flow of water over V- ‘nehihes 3 is given 

as Comparison with data by other experimenters is satisfactory. — 


A —Water test coefficients ts by Messrs. Barr, Yarnall, and Ho 


a 40° F to 165° F decreases the com uted C about 1 3 nae ores 
‘at Ee 


‘The writer is indebted F, M. Dawson, M. ‘Au, Soc. C. at | the 
of Wisconsin, who suggested the problem as a subject‘ and 


‘Philosophy. of — in 1940, in partial fulfilment of the for the 


aN 


— 
— 
4 
— 
= values for a given te that 
a valu d ta indica 
— 
— 
— 
4 
3 
sity of California are 
sbtained st the University be mei 
re 4 itv an ient to cau from” 
~The change ag F to 70° F 18 suffi 
a 


| 
¢ many helpful suggestions. ‘The work: was compli under the direction 


runs ad Series A. par date for those 1 runs. Two thesis 


_ students, J. R. Frost and A. J. Gollnick, assisted with the construction of the ad 


ee os for the Tuns of Series D and G. _ Several students assisted with the Ms 


of Professor O’Brien at of Cali- 


etn under the direction 


at's 
The fe following letter symbols, used in the paper, conform | essentially 


American Standard Letter Symbols for Hydraulics, prepared by a . Committee 


of the American Standards Association, with Society representation, and 


valu 


= hydraulic heed, in foot; 

x 


=a ‘constant coefficient; 
= a constant coefficient for any given weir 


ing only to 90° weirs, were 
te 
— 
he Cornell tests was based on the research of Messrs 2 
da 
6 by = ient: C; and = constant we 
= of Band W, respectively, equal’to 0.56; and C, 
— weir coefficient for values of R a o (8), 
ithe 
Lens; 


= thickness Of the crest 


a 


density of liquids; and “08 ot “doo” ivlga , 


“Tentative Method for Test of Kinematic Viscosity,” A. 8. T. M. ‘Stand 4 


> 


4 


“Experiments Upon the Flow of Water Over Triangular Notches,” by 
th 


James Barr, Engineering, Vol. 89, April 8, 1910, pp. 435-438, and April a 


(3) “Dimensional Analysis,” by P. V. Revised Ed., Yale Univ. 
Press, New Haven, Conn., 1931. (a) p. 40. 
(4) **Flow Through Weir Notches with Thin Edges « and Full 
ull by V. Cone, Journal of Agricultural Research, U. S. Dept. of Agri- 
ouliture, Vol. 23, March, 1916, p.1051. 
(5) “The V-Notch ‘Weir for Hot Water,” by Ed 8. Smith, Jr. ‘i discussion bp 


N. Eaton, Transactions, A. 8. M. E., ‘Vol. 57, 1935, pp. 249-250. 


Notch-Weirs,” by F. Greve, Engineering Bulletin, Purdue 

Lafayette, Ind., ‘Vol. 40, March, 1932, pp. 1-84. (a) p. 33. OE ae 
“The Flow of Water Over Sharp Crested Weir Notches, 
| Trapezoidal, and Triangular,” by Chitty Ho and Sze-Ling Wu; thesis a a 
_ presented | to Cornell Univ. in November , 1931, in partial fulfilment of aiet BL 


2 i the r requirements for the degree « of Master of Civil Engineering. Ree 
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 KALINSKE ON V-NOTCH CORFFICIENTS 


DISCUSSION | vidal 
Ao A. A. Ka.insge, ¢ Assoc. M. Am. Soc. C. E.—Any engineer concerned oh 
a the  mnaamaronnant of discharge of various 8 liquids by the use of the V-notch 
should welcome this most noteworthy addition of experimental data. 
‘The precision of the author’s measurements and the wide variation of viscosity _ 
g and angle of notch are the outstanding | features of this paper. The writer is 


particularly interested in the analyses, of the data and therefore will 


i: The writer cannot agree that a general equation (Eq. 3) has been derived 


elating all the pertinent variables. equation holds only fc for a certain 

f data where the quantity (C- _ - 0. 0.56) versus R and W plots as a straight line fee 

on log-paper. _ There i is, of course, no physical : reason why this should be true “es 
me | for all ranges of R and WwW. 3 ~The situation is comparable to the pipe friction 

e factor, f, versus R plotting | for | pipe e friction for which various power functions 

= can represent the relation between f and R for different ranges of R-values, 

- It she should be kept in mind that an empirical equation derived by fitting a oe 

curve urve to a certain range of data can scarcely be expected to be general, or 

_ physically sound. The fact that the equation is dimensionally consistent does ae 

not necessarily mean that itis generally applicable. 

10 ‘So | far as the writer can determine, Eq. 3 was derived by the analysis of 

e data in Fig. 8. By themselves these data do not really prove that C is a 

function | of R and W as indicated, since the viscosity and surface tension — 

not varied— —only y the head. The writer. does not wish to imply that C may 

_ be a function of R and W; he wishes only to state that viscosity and eurlane 

tension should be independently varied to demonstrate experimentally y that E R 

and W affect C in the manner indicated. The author has other data, of = j 

_ course, which prove that C is definitely a function of R and that it is related — 

to W, although the surface tension was not really varied over a very ent 
‘range. — However, it should be re-emphasized that the data in Fig. 8 are not 

2 3 in ‘themselves sufficient to warrant the extensive use to which they are put. 

Si Eqs. 11 and 12, which are derived from Fig. 8, are not in any sense different ee 

R varies as H'* and W as H?, and since rand o were constant 

€ & the ‘date i in Figs. 8, the data plotted i in ‘these curves are actually a plotting 


of (C 0. 56) His and Naturally, then, the exponent, of R in 


« 


8 


Sed 


Eq. 11 and that of W in Eq. 12 should be as the ratio 2.0/1.5 = z .33, Ww “Ge be 
3 is approximately | what the author ‘determines, since 0. 36/0. 28 - = 1.29. wre The 
q . value of B; in a 12 could be determined from By i in Eq. 11 and the « expressions — 
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Section (c) of the discussion on the limiting conditions of Eq. 3, the — 
a 4 — ay ‘and Research Engr., Univ. of Iowa, Iowa Inst. for Hydr. Research, Iowa City, Iowa. ne — 
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i=] 
| 
co 
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‘a oe id W-values and the fact that it does not hold for all arty is no more sur- A 
. aa prising than the fact that the Blasius relation for f and R for pipe friction % Py 


holds only for a limited range of R-values. mit dete 
The foregoing remarks do not, of course, invalidate the use e of Eq. 3, since 1 j 
the author is careful to point out the limits of its applicability. The reasons ee 
the limitations are quite obvious since a simplified empirical equation 
cannot be expected to describe completely a complex flow phenomenon when q 
i viscosity and surface tension are both influencing factors, as is the case in = x 
this problem. 


Although entirely empirical equations: with clearly defined 4 


imitations an are useful, curve or curves indicating the values of teal 

cre: weer 
practical ranges es of R and w probably would be the best so far as engineering b 


N. Cox,’ M. Am. Soc. C. E.,. AND F. GERMANO, Assoc. .M. ‘Aw. 3 
C. E.—It is indeed refreshing to a paper such as that presented by 
% i. 3 Professor Lenz. With this paper, the explored realm of fluid mechanics and = 
F ps. =, dimensional analysis has been widened, a nd the author is to be congratulated i 
on the capable manner in which this has been 
the the publication of Reynolds’ outstanding paper,’ a number of papers | 
i hs have been pr presented on the flow in pipes. in which an attempt has been made to _ 


— 


a Be obtain a wider correlation and to make the results of more general application. — he 
Although further advance has been, and will be, made in ‘this connection, 
paper by Kemler'® stands out as the pioneering attempt to make the results of 
general use to the engineering profession. The solution of the practical pipe 
ae eid problems is now commonly made by means of these generalized pipe friction 2 . ( 
As the generalized method became more commonly accepted as desirable 
solution of practical pipe- flow problems, attention turned ‘to “obtain | 
ag 1 


"izations of the for venturi tubes" and orifice meters" have 


certain ‘refinements ‘and ger may follow, the paper ‘must 
a oy ly considered to be outstanding i in assisting in the extension of the generalized . 5 


Prof., Mechanics and Hydraulics, Louisiana State Univ., Baton Rouge, La. 
= Asst. Prof., Eng. Mechanics, Louisiana State Univ., Baton Rouge, La. 
Experimental Investigation of the Circumstances Which Determine Whether 
4 . Water Shall be Direct or Sinuous, and of the Law of Resistance in Parallel Channels,” by Psherne Reynolds, 
Transactions, Royal Soc. of London, Vol. 174, Pt. ITI, 1883. 


; Dy u “Fluid Metere—Their Theory and Applications,” | Research Publication, A. 8. M. E., 4th ] Ed., 
nes: 12 “Orifice Discharge Coefficients for Viscous Liquids,” by G. L. Tuve and R. E. Sprenkle, Ins 
6, 1933, pp. 201-206; and Vol. 8, 1935, PP. 202-205, 225, and 232-234. 


— 
4 
‘ 
t] 
Se 

— ™ ? 
im” 

il 
7 
3 

bee 
> 
a 

— 
ents, 


3 not follow a as obviously Eqs. and 12a as might be expected a 
a ‘cursory reading of the explanatory. paragraph. Eqs. 11 and 12 are 
those of the projections on the C—R and tiow oft 


C-W planes of a line in the plane repre- 


sented by Eq. 13. Such a plane is illus- toss 
trated as G H J in Fig. 18. Line A Bisa abt 
particular line in this plane. Foragiven og passione 16, 
angle of notch, the experimental data plot bio 
as a series of parallel Jines in the same 
plane, one lineforeach fluid, 
Since the exponents, m and n, of Eqs. 
and 12 do not refer to the same »things uti 
as those in Eq. 13, confusion might have 
_ been avoided by using letters in theequa-_,, mar! Pe 
tions of the projections of the lines differ. 
ing from those relating to the plane. ae 
It would increase the value of the ; 
paper if Professor Lenz would prepare oF 
_three-dimensional figure showing the plane on whisk the line (Eq. 13) 
and showing the projections of this line that give Eqs. lland 12. The values: ‘ 


values of B for these This could be done for « one yangle of dhe 
. Todoso effectively, at least two experimental curves must be drawn. 
‘Eq. 3 to ) apply for the full range in the values of R and W. ‘| Experience has 
taught engineers that certain factors predominate over a certain range, whereas _ 
‘may govern over another. Thus, there are three definite ranges for the 


‘Bpverwer @ pipe ealban but there are only two ranges for the value of C for the it 
- flow through a venturi tube. There are three ranges for the co coefficient for 
the V-notch weir—namely, that for ‘which the flow is primarily. governed by the — 
ie Be. surface tension of the liquid, that for which it is primarily governed by the vis- 
_ cosity of the liquid, and then that for which it it is is independent « of the | surface Bak 
tension and the viscous effects. It seems rather unreasonable to expect 
empirical equation (even though derived rationally) to cover the various 
without loss in accuracy. should suffice simply to state the he applicable 


creases with increase in head and angle of V /-notch. an increase of 
_ and surface tension does increase the weir coefficient, it naturally would follow 
that an increase in head and angle of V-notch would decrease the weir coeffi- _ 


fy 
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“Synopsis” the author makes the statement: “It was found that the weir 
= Hydrographer, Utah Copper Co., Salt Lake City, Utah. 


statement is from that which the writer would 


E viscosity is the reciprocal and not a measure of fluidity. If the author’ ‘ 
Z statement ho! holds true: for highly viscous liquids, then, for a given head, glucose, _ 
_ honey, or molasses would flow faster than water. The writer noticed for the << 
oils used (with the exception of oil C) that at a given temperature an oil with ae 
re higher viscosity had a lower surface tension ‘(see Fig. 19). T iM This might indicate . 
4 that the effect of decreasing z surface tension was to overcome the effect due to ce 


% the increase in viscosity; but this is contrary to the author’s statement (‘‘Anal- a e 4 
ysis of Data: Development of General Equation’’): ‘Furthermore, it is gen- _ 
_ erally supposed that viscosity | plays a much more important réle than surfac 


nsion, 


Surface Te: 


“Fra. 19. AND FoR THE Given OILs 


ae eases with the viscosity. This ‘relationship i is just the beating} 


that noticed for different oils at the same temperature. These two opposite — 


relationships, together with the author’s experimental results, bear out the — 
 guthor’s that “viscosity plays a much more importa nt réle 


2 

for as the hea and henes th 
— 
abe 
fo 
de 
— 


What , then, is the answer to ill apparent reversal of natural laws? he 
“Fig. 13, for values of Reynolds’ number greater than a certain critical 
(for example, Rer = 845 for a 28° V V-notch) the plotted points fall on n the author’ s 
straight ine; but for values of Reynolds’ number less than this critical value _ 
there is a rapid drawing away from: the ‘straight line, apparently forming a 
parabolic curve. Thus, for the lower values of Reynolds’ ‘number—or, in 
other words, as the viscosity increases, or becomes more important—the co- 
efficient (C) will decrease instead of increase. At some value of Reynolds’ 


r the to the true becomes 2 zero (R= = approximately 


decrease as the increases, which would be. 
In 1643 Torricelli in his De Motu Gravium Naturaliter Accelerate enunciated 


the law that is the base of all weir formulas—namely: 


Est “The velocity of a fluid passing through an orifice in the side of a 
reservoir is the same as that which would be a ppared by a heavy body © 


te ~ falling freely through the vertical height measured from the surface of the 


fluid in the reservoir to the center of the orifice.” 

. : By the use of Torricelli’s law and calculus, Eqs. land 2 are easily derived. T 
iq derivation | is simple and may be found in most hydraulic textbooks. The 
- guthor arrives at the same formula using a method developed by Edgar Buck- 


ingham™ in 1915—namely, the “‘x-theorem, ” This method of dimensional 


_ analysis, because its value has been proved i in model experiments in hydraulic 
- laboratories, is now often used. Because of this increase in importance, a 
detailed investigation of the development of this theorem may be in order. — 


If the physical quantities, G, ‘such | as a length, a force, 2 
a density, etc., suffice to any physical phenomenon 
pletely, then they are mutually dependent i in some known or unknown manner. 


_ This mutual dependence may be stated a function of 
a the mutual dependenes of the n quantities can be expressed 
as polynomial i in n variables. _ Any polynomial o of these n val 


“Model E 
8. M. E., Vol. 


true 
This 

the 
ha 
tame: of the tangent is positive and for values of Reynolds’ number gre 
ia 
oak 
a 

a 
face 
e of = 
the in which K is a dimensionless coefficient and a, b, 
han iments and the Forme’ ef Empiziesl Bquntions,” by E. Buckingham, 


ath 1+ (G,)* (G2)? HRY 
toe In his ‘ ‘Deduction of the x-Theorem””™ Buckingham makes the statement: ‘a 


sayphaved “Now all the terms of any physical equation must jhave | the same 
4 _ dimensions and the coefficients [J] have no dimensions: because they are 
Thi Thi 


mathematics—namely, dogs, cats, and pigs be added to- a 
gether; they must be restated in terms of some common attribute. In other a 
a words, each term of Eq. 21 or Eq. 22 must have the same dimensions. — a ok 
es ; the validity of this statement depends the proof of the e theorem and | hence the 
‘usefulness of dimensional analysis. each term in Eq. 21 or Eq. 22 must 
i _ have the same dimensions, each term in Eq. 23 will be dimensionless. __ i 


= physical quantity is composed of two | distinet characteristics— 


If. 
‘magnitude and dimension. _ Magnitude is dimensionless and may be repre- 


— ebbted by a numerical constant K, whereas the dimension of the quantity is Ss 
- determined by certain fundamental units such as mass, length, time, etc., to 
some power which is known or can be determined as soon as the quantity itself 4 
is known. In mechanics the number of these fundamental units is three— s 
‘mass, and time. In problems dealing w ith thermal and electromagnetic 
& as well as mechanical quantities, the number of fundamental units will not_ 
five. of a quantity may be represented, therefore, 


al Ap 
simplicity that quantities s only are involved, Eq. 23 


1 which [1] the which has the 


— an 
— 
— us 
a 
: 
¥ 
— 
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|The re remainder will be known in 


unknowns in Eqp. | 28 are a, B,.. 
“Tf k is the number of fundamental is always, 


me OY Classe all the n [quantities], at least one set of k which are independent | 
Ss one another and might themselves be used as fundamental units if ae 
we paid no attention to the question of representing and preserving the — 
fundamental units by satisfactory primary standards. vil 
Letting Gi, Go, . Gy represent the chosen quantities i in Eq 20 that may ~ . 
d as dimensions and Po» be the quantifies are 
} tA} 


use 
from: the foregoing statement: 
yay 


ee 


n which the brackets are used as a symbol of ib 
stituting the dimensions. of Eq. 24 in Eq. 29a, then: 


(30a) 


in ‘which the brackets are again used as a symbol of “the | dimenalon of. 


in 28, it is possible to write from Eq. 306: 


By 
nt But... 


T nt fn-k = 


_ The only unknowns ‘now are the value of the exponents “r” for each 1-value | 

and each term. Since the me, 33 in Eq. 32a is also one of the terms of Eq. 22. 

divided by itself, it also may be included in the summation, and Bost 
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\ysical 
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iby co) 

__As in Eqs. 28, the unk 
and, since there areas many 
ve y 
(20) 
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254715 


ES choosing V, p as the to be. used as 


= (Ky)*? (Ku)”* (K, K, 


he 


% 


When the exponents in are 
fv 


. Then these values of x are substituted i in Eq. 32c, Eq. 5 is the result from ‘eanll 


ee. To get Eq. 8 the author replaces ~~ ‘in each of the siediacke by a dimen- 


- sional equivalent, iv g H.” If the particular function of Eq. 7 were known, 


this substitution would not be | entirely correct because the true 1 relationship 


"Sine V and g H is Eq. 6a; but, since the particular function is not known, | 
ec this 3 replacement is is permissible. At least it is dimensionally correct. A more 


direct approach to Eq. - 8 would be to choose H, and p as the three units to 


— — 
— — we 

— diay 
im vere: 
ihe 
— 
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"(ery 


at 


w ateb Ad; L 
= (K, K »[ \ 7 ) 


Ww 


= (Ku)4* (K,)"* (K,)° K 
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The writer takes exception ‘to 8 of Data: 
of General Equation”) : “The functional relationship, f”, be- 
tween C, R, and W for « given w weir must be obtained from experimental data. no 
statement should be: “The functional relationship * * * at present must 


‘ 


‘There is a theoretical solution to every Phenomenon in 
i 


- trouble lies with Man. Either the ‘relationship is so simple | that Man has 


the capacity | of the mind to solve it, The fact still remains, however, that 


there i is a theoretical solution to the problem. 10 will be of the form 


ubstituting = and ‘Bz, Eq. 38 becomes: 


letting | be the value of the function as and approach wero, 


Dewan 


> 
sed asf | 
| 
= 
— 
— 
: 
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which 
limen- 
op 
— 
to 


f+ as much as Eq. 9a. a. Similarly, he would follow the definition of the Weber 


: 


f the effect: of f Weber’ s number (W) 3 is ine 
= 5. (compare Eq. 12). As noted pre- 
viously, these used only between ‘certain. limite. | 


of Eq. 41 is probably be revealed or approximated by further experi- 


and form a curve resembling a parabola. «Just what the particular func. 


Ww. POWELL Soc. C. —This paper has been 


D - desired, as as it not only —- a basis for the measurement of viscous liquids by 


iscous fluids, like water, may be affected by changes of temperature. Bye yn 


great refinement of measurement, ‘it w would be more Cabiedaene to. find ‘the 5 
influence of viscosity by the use of more viscous liquids where the effect would 

: be greatly increased and therefore “more Teadily measured. Mr. Lenz now 
shows that surface tension also has. an important effect and abies quantitative 


had been done differently. One ‘minor point is ‘that he 


KA prefers to ) define the Reynolds number of a weir as Va) , in which V is VigH, : 


e ideal velocity due t to the head H. _ This gives R= V2 times 


reduces to W = =H. 
wice the value given by Eq. 9b. - However, in the following comments, th 


. This is is the ‘square par of 4 


uthor’s definitions have been used. The writer also very much wishes that 


i _ the actual numerical ical data | had been included in the ‘paper. Desiring to test ‘ 
the possibility of f representing the author’s experimental results by a formula 


Associate Prof. of Mechanics, Ohio State Univ., Columbus, Ohio. 


ber ero or 
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i= Teasurements. surprised to find that even this did not giv ok 


a V-notch weir 


that all the author’ 8 for a 90° minimum shown in 


‘Fig. 7 fit this formula with a maximum of about 0.5%. ‘This i is 
using a = 0.552 for all four and value of J for each that gives 


formula 


‘The writer wished to investiga a fo 


an 


would require ‘that, in 43, = it's and m = = found that the best 
«fit for a formula of this type and the author’ s data on 90° notch weirs 


is about ‘the ss same mean as the. author’ gives, 
2 seems to the writer that Eq. 44 is somewhat simpler than Eq. 3. At least it - 
has the advantage of separating tl the viscosity 2 and surface tension ‘ ‘corrections.” 
% It is interesting to note that, according to Eq. 44 for water, the effect of surface es 
_ tension is nearly three and one-half times as great as that of viscosity. As is 
a to be expected, for the oils the viscosity | had more effect th than the surface tension — 
twice as much in the case of oil A at 70° F, \ 
. ie It should also be noted that, whereas the range of viscosities studied is 
a quite large, the variation in surface tension is relatively small. — The property ; 


‘that is effective here is what ‘might be called the ‘“‘kinematic surface tension,” — 
—or-, where 7 is the specific weight. The expression — is an area, say f 


| could be very accurately represented over a 
4 range of heads by @ formula of the form te oF 
Fig. _Scaling values from the curves of the paper and plotting C against indicated 
— 
ong ee: if 
— 
by — 
— 
i he the points shov imum head indicated) 
he computed by this formula and the discrepancies tabulated. The algebraic 
m 
eber 
= 
be 
| 
When one consults a handbook for possible liquids that. would give a, wider 
range of kinematic surface tensions than those used by the author, the search 
In, is not very rewarding. Mercury has a surface tension some seven times 
Engineering (London), Vol. 90, October 28,1910, p.598. 


a oy" eo as water, but it weighs 13.6 6 times as much, so that its kinematic lle 
a 4 Pe, oe is less—about the same as that of the oils used by the author. Water 
Bae seems to stand at the top of the list (except that some water solutions of sub- ‘ x 
stances” like CaCl; are somewhat higher). Carbon tetrachloride has a kine- 4 
mati | surface tension of about one fourth that of water and would probably E 
- be the best liquid to compare with water to get a more accurate measure of oe 
zh » £ effect of surface tension. _ Another liquid that might be used is water to a 


‘ 


added.’* This will not give nearly as wide a range as carbon tetrachloride 


or a advantage o! of having the same mal as water r alone, and i therefore of varying 


The writer has not taken to » develop formulas similar to Eq. 44 for 
= notch angles, and to study the variation of the coefficients with 6. It e 
_ would be only after such a study that the relative merits of a formula of the a iS 
nae form of Eq. 44 could be compared with the author's Eqs. 3 and 14, anda of course ag 
there may be some other form that i is better than any of these. 
has given little attention to the interesting ‘question of the 
variation of C with R and W when either or both of the latter are below what 
4 he calls the minimum values. - Water is the best liquid with which to study & 
low W eber numbers, and Barr's experiments ran down to a Weber number of 48 


about 54. These results, put i in the units of this paper, and with the temapers- 
4 


a 


A-—Barr’s 90° Notch “with Fine Edge”. 


__|B-Barr's 90 Notch with Edge 


a of 


“60 


* this paper shows to have been quite beside the point.) Curve A of Fig. 20 is 
* Ss the most striking, and it is interesting that in this semilogarithmic plotting it ig 
tor’s thesis, Ohio State Univ., Columbus, Ohio, 1928,p.110. 
of — w. Powell, Macmillan Co., 1940, Fig. 109, p. 199. 


_ which a small amount of saponin and a still smaller amount of oleic acid have 


a in fact a little less than the oil used by the author), but it would have the E et 


er, @ procedure which q 


18“ Study of Foam Formation in Aqusews Solutions,” by Virgil Leland Hansley, an unpublished 
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0 is 4 


tics 
we = 54 to W = 166, 


— curve and that of orifice coefficients plotted against R is also worthy of note. 
‘The fact that curves A, B, and C are so different may be partly due to the fact 
that the writer's assumption of the : same . temperature for the three case 
introduces an appreciable error, but it is more probable that the slight difference 
_ ate the three weirs was responsible. — if so, before the V-notch weir can ever 
become an instrument for absolute measurement (dependable without calibra 
tion), the size of plate, thickness of edge, and angle of bevel must be standard- _ 
ized more definitely. (Barr's original data included a record of the tem- 
+ perature, as shown in the ‘sample | that was printed. Is it possible that these 
— are still in existence, so that R ‘and W could even yet be found for reach 
aq For water at the temperature assumed, R and W were computed for a 
number of different heads, and from these was ct computed by Eqs. 3 and 14, 
and 44, and the results plotted in Fig. 20. As the author's edge was 35 in., a 


= it would be that. his Tesults at this temperature would lie between 


1% would require changing the minimum W from 300 to about 600. aa As a 


f e matter of fact, a any formula of the kind ‘proposed by the author (or the xian 
2 S could not be expected to fit beyond the point of inflection of the curve, and for 


. curve B this seems to be at about W = 900. For curve C, however, it is at 
Teas t as low as the lowest W on the ‘curve—that is, 340. _ T This is the curve 
fitted by ‘Me. Strickland," ehanging his formula into one similar to Eq. 


‘This fits curve C ? with a a maximum discrepancy, of about 0. 04%. There are ~ 
other pairs of numerical coefficients, of course, which would fit equally well— i 


That the author for very y large values of that 


B q channels as well); but it is somewhat : surprising that the limit is poe for 


both R and W at precisely the same value of C. Also, the fact that at high — 

9 heads all of Barr’s weirs gave values of C less than 0.5886 would seem to indicate 

3 that this limiting val ue of C depends on the weir thickness (as well as its sharp- 
ness and the smoothness and size of the upstream face), iti, > 

- Finally, physical chemists have discovered that certain solutions, : such vad omg 


a 


_ 500 ppm of peptone in water or 100 ppm of saponin in water, have what is pss 
“Mechanics of by Ralph W. Powell, Macmillan Co.,. 1940, 
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called “surface "22 This is quite different from bulk. vis- 
 cosity ad seems to be due to the formation of a plastic s surface film. It is not ae 
< likely that the liquids used by the author had this property, but it would seem a 
probable that, if a liquid had it, its flow over a notched weir would be affected ee. 
_ thereby. ih Therefore, if experiments were to be made on a a saponin al and oleic = 
‘acid solution as suggested herein, this matter should be 
_ G. H. Hickox,” M. Am. Soc. C. E.—This paper is a genuine contribu- 
: tion to knowledge i in the field of flow + measurement, ‘and the author is to be ay 
r congratulated on his effort in bringing this information before the profession. a 
A A number of years: ago, the v writer | became interested i in the effect of viscosity — . A 
On weir discharge because of an inquiry as to the proper | weir discharge coeffi- 
cient to be used in the measurement of printer’s ink. He assisted in soe: 
preparation of the experimental apparatus on Ww which the University of Cali- 
ae fornia results, referred to by the author, were obtained. It is “gratifying to oR 
“ see that the ensuing experiments have been put to good use. 
the past, practically all information on weir discharge coefficients has) 
Deen obtained from experiments using water. The effects of viscosity, surface 
and inertia have been ‘combined into a single coefficient that also 


: ‘melidiie the. geometry of the approach channel and the roughness of the weir 4 


ag 


% an surface, as well as any other variables which might affect the discharge. _ 
4 ah Attempts have been made to evaluate the effect of the geometry of the approach — — 


channel by including the velocity. of approach with the measured head. The 
any results have not been entirely satisfactory. The most consistent results have = 
See been obtained when the dimensions of the approach channel have been such = 


sn that the velocity of approach was negligible. — A notable exception is the we a 
_ of the ratio of the head on the weir to. . the height of weir crest above the channel — = 4 
_ bottom i in the case of a rectangular we eir. The effects at viscosity and surface * ? 


tension have been almost totally to esled sad 
iio It should be Tecognized that, after the author's 8 demonstration of the use of 


and suitable parameters, the treatment is empirical. It is q quite 
i! es, possible that the form of the function indicated by Eq. 10 might be consider- — 
ably different from that developed in Eq. 13. It is conceivable that several 


different functions might exist. which would satisfy the experimental data 


equally well. Extrapolation of these functions outside the experimental range 

would doubtless give varying results. For this reason, extrapolation of the — 
results of the experiments beyond the range of the experimental data is 
warranted and should be made with caution or not atall, 


OT The use of V- notch weirs as measuring devices need not be confined solely 


find ‘application in the of heavy ‘inks, , paints, sugar solutions, 
including molasses, to mention only a few examples. Additional experiments = 
ate with fluids of high viscosity would determine the effects of viscosity, and pos- . 
saat sibly surface tension, over a much wider range. This would be advantageous — 


_ Study of Foam Formation in Aqueous Solutions,” by Leland an “2 
octor’s thesis, Ohio State Univ., Columbus, Ohio, 1928, pp. 41-55. 
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NZ ON V-NOTCH 

1 the dgplieditent to fluids « of lower v viscosity since it ‘would remove the uncer- 
tainties existing at the end of the present useful range, oh” 
; i The effects of viscosity and surface tension on V-notch weirs are paralleled — 

more or less closely by the effects on small ogee weirs. Tests on small-scale wt “te 
3 models of ogee spillways are being made in large numbers, and the results are a¢ ee 
being transferred to the much larger prototype structures by means of Froude's 
= law, neglecting the effects of viscosity and surface tension. Such a trans- 

- ference of results assumes that the coefficient for the prototype is the same as 
e. for the model. Experimental verification of this assumption is almost entirely — 

$ “lacking, an¢ and the evidence available does not point to any definite conclusions. ‘ire 
From experiments on three different scale models of San Gabriel Dam No. 1, 

Paul Baumann,” M. Am. Soc. C. E., found that the discharge coefficient — 
with the size of the model LA comparison™ of measured discharges 


Da over an eastern dam with model tests made by the Bureau of Reclamation on k 
al; "2 scale model showed that the prototype coefficients were smaller then 
f “tho ose the model. A. H. Gibson™ and D. Thoma” have presented similar 


Awe 
definite is available | to explain the differences that 


7 viscosity and surface tension in small models would be found to be responsible. es 
In spite of the writer’ s own caution against | extrapolation of results, he 
ould like to’ inquire whether any work done by the author has indicated 
is _ possible answer to this problem. The question is not academic. The matter _ 
¥% of predicting spillway discharges from model tests becomes ‘important on those 
rivers that are completely ‘canalized and that also develop | power at the 1 naviga- 
tion dams. Under such conditions, an accurate measurement of discharge is — s 
useful f or reservoir regulation and power production. The usual rating stations 


are drowned out by downstream dams, and the discharges can be determined 


"mente may | be i in er error, , it seems much more likely that the neglected effects of 


lished that they are reliable. a ‘It is possible that studies similar to those Te- 
_ ported’in the paper would make it possible to evaluate the effects of viscosity 


and surface tension on the results of small-scale model tests. tit Tat Ws re 
_ARNo ‘LENz, Assoc. M. Am. Soc. C. E.—The- writer wishes to ex 
press his sincere thanks to those w ho discussed his ‘paper. 
called attention to some points not made clear originally and ‘other points not <> = 
considered by the writer but which might well be noted. — The discussions will ms 
be answered i in order of their ‘presentation. 


Professor Kalinske objects to the expression ‘ equation” for Eq. 3. 


The writer used the term in the sense that the equation was applicable to liquids . 


a ae d Construction of San Gabriel Dam No. 1,” by Paul Baumann, Transactions, Am. Soc. 


s “Conformit between Model and Protot A Symposium: Spillway at an Eastern 
Dam,” by G. H. Hickox, Proceedings, Am. Soc. 
Use of in ‘Bagineering.” A. Gibson, Water and Water 
Winter 1934, Pp. 697-704. 


making the spillway calibration is by me means af model tests, if it can be es estiab- ; 
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aid than water as well as to water, and held over a wide range “ in angles. ae 
3 = He did Tecognize that the equation applied only within certain lim mits, as evi- 


ie the fact that those limits are stated carefully. He agrees with a 
_ Professors Cox and Germano that it would be tao much to teen? one ee Ba 


i nts that the data in Fig. 11 for oil G and meee, aad. in Fig. 13, for oil A at a 
different, temperatures also gave equations of the form of Eq. Data 


8(b). 3 and 13 were derived from study of the complete data. 


‘ 


me 


wi" spits ‘Rope noids' Nu m be ide 
Fra, Curves ror 90° V- Norcn W wan hy 


The writer with Professor Kalinske in the ‘that 


a 
7. oe C is a function of R and W could not be proved by changing the head alone. eo oes = 
3 ‘Fig. 21 is presented as proof that Ci is a function of R and W even though the & * 


constant. ed The curved line. abed is determined =. and W for 


Bar 
— 
— 
ae e - We Eq. 3 was not derived from the data in Fig. 8 alone. In the section ‘De . 
lopment of General Equation,”’ an attempt was made to rationalize an equa- 
which might appear rather complicated if picked from thin air. Fig. 8(a) 
Fie. 21.—Corrrictent Curve ror 45° V-Notcn W 
Was: sused only as an example to illustrate the plotting of the data. The 
— 
> 0.10 0 
000 
006 
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ig statement that Bas. and 12 are not indoplendenti equations is true, 
3 course, in case of a single liquid at a given temperature but would not be 
?- true for different liquids unless v and o were related. Daniel Silverman and _ 

_W. E. Roseveare®® have shown that viscosity and surface tension are related 
and hence the problem i is somewhat simpler than it might have been otherwise. 
Tf a family of curves is to be preferred to Eq. 3} the reader is referred ess: 


Fig. Of course, it would be necessary to nine such curves 


: 


ane 


Wes 


Eq 3 and 14;C-0.56= - 
) add ai ‘owt 


itp 


Fie. 23, Puorrine oF Eq . 3 FOR 45° V-Norcs Wai 


7 At their suggestion he submits the three-dimensional diagram, Fig. 23. The 
four lines iis sage Kq. 3 on the plone for the 45° V-notch. for the four series a : 


Equation Relati 


— 
— 
— 
— 
with test data from the niversity of Wisconsin orne niversity, | 
a 
the temperature varies for the experimental runs from about 59° F at H = 
— 4 ft to 70° F at H-= 0.80 ft. The line remains on the plane as long as the angle: pea “ae ae 
— of: notch remains constant for all four series. The traces of the line for t ein: a ae 
that of iz q water tests (Series 45D) are shown on the (C — 0.56, R)-plane and the (C - a Oe ‘ake 
W)-plane. These are similar to the traces shown in Figs. 8(a@) and 8(b) except. 
the oe . that they are for R = 582 and W = 300 instead of R = 1 and W = 1 mai ee 


on: \V-NOTCH 


Ee are item for Eqs: 3 and 14 instead of for the best line that can 

through the data for one liquid and one angle as in Figs. 8(a) and 8(6). 
me was s refreshing to have Mr. Willes analyze, carefully, and, a dif-— 

§ 3 ferent point of view, the author's broad conclusions as to the effect of viscosity =. 
and surface tension. _ It is true that when a liquid of great viscosity is used, _ a 

Ris le is less than R,,, even at fairly high h head, and hence the coefficient C will 


SS ha hence 


we decrease with greater viscosity at a given head. xe 
The application by Mr. Willes of the w-theorem to the derivation of the 
yee terms in Eq. 5 is fundamentally the same as that used by the writer and re- — 4 


; Ported in his thesis‘ which was the source of this par paper . The deduction that 
aes ~~ but the first term of a series is of interest and may be of value to ‘Mei : 
one who | carries on in this field. 
Professor Powell brings up a point which caused the writer thong, 
namely—just how to 0 express Reynolds’ number and Weber’s number for ra 
Weir, Since the ideal velocity due to the head H is: rarely computed, there 


a 2 in Reynolds’ number. Elimination of the square root determination in 4 4 
= a the computation of W eber’s number seemed also” to be an n advantage. If x 
; ha subsequent use shows that different dimensionless expressions would have been + 
4 al preferable, the constants expressed in Eqs. 14 will have to be revised accordingly. 


- Iti bis r regretted that numerical data were not available to Professor Powell a 


when he desired to work with the writer's data. . Complete sets of all tables 
.. _ are now available as follows: Two sets in the Engineering Societies Library —__ x 
* one in New York,’ two in the University of Wisconsin Library, and one (with ; all ia - 


original data) ‘at the University of W isconsin Hydraulic Laboratory. 


a a" seemed undesirable to burden the paper with a mass of data of interest to so- « 
few. The thesis contains all pertinent data in graphical form. 


Ibis of interest iad 0 compare Eq. 43 proposed by Professor Powe ell with Eq. 


40 proposed. by Mr. Wi les. 18 but the first t term of series, then Eq. 
i is not of the correct type. On the other hand, it is very possible that Eq. 
es ig may fit the data better than ‘Eq. 3. However, evaluation of constants would . 


: — exceedingly difficult. The numerical value of C-a would have to be di- 


"i ‘a portion should be considered a viscosity effect and what proportion a surface — 
effect? Would these proportions be the same for all angles of 
it might be simpler i in use to separate viscosity and surface tension 


ig Pe: tas corrections, the writer is inclined to believe that nature considers them together. i. 
Considering: the “general” equation, if that term may be used to include 
= al Te considerable rarige of angle as well as viscosity | and surface tension, itis much 3 
aed 2 simpler to determine constants for Eq. 3 than for Eq. 43 because Eq. 3 has one Pe 
experimental work was completed before it was realized that 


3 
< 
— 
4 


- for another project before ‘the analysis of the data was ‘finished.’ it would 
have been interesting to try saponin, yibtene, and oleic acid solutions which 
have considerable effect on surface tension. 


Perhaps some day such tests can be run on identical plates. 

Powell’ analysis of conditions for low values of Weber's number 

. _ These tests are far beyond the limits of Eq. 3 and hence of little interest 
here, but it is hoped they will be at some time. 5) 65.0 


“indicate that it can be relied upon for r much « engineering work with all the ner ES 
‘normally d desired. : 


the same value of C. If Eq. 43 were the correct then viscosity 
and tension “corrections” "might no not t become constant at the same 
line of be at the same value of Hforboth RandW. 
The writer agrees: with Mr. Hickox that extension of the empirical equa- 
: a tion, beyond the range of tests, should be made with ‘caution, but wishes to 
_- point out that, by increasing the viscosity 150 times, the weir coefficient for = 
g the same head was increased 3% to 7% for the 90° notch and 5% to 11% for sake 
the 20° notch. A reasonable extension, within the limits of Eq. 3, might be 
_in order if too great accuracy was not desired. When this type of weir is used 3 ee 


other othe experimenters will extend the range of 


starting vith a 0.155-ft he dc on a model 3 


0.310 | 0.155 | 0.310 | 0.155 | 0.310 | 0.155 


0.310 | 0.310) 0.620] 1.55 | 3.10] 7.75 
Coefficient for prototype, C. . 2.530 | 2.530] 2.485) 2.485] 2.485) 2.485 
Correction for prototype ( 0 | —2.65 (7. —4.39 | —1.78 | —4.39 


3 and 14 to he correct with limit (see heading: 


it is Febisicad that this is a 1:2 scale ‘model of a similar “prototype” weir with 

i H =0. 310 ft. - Coefficients would be 2.599 and 2. 530, a decrease of 2.65% for 
‘the prototype. £4 However, if one a 0. 310 ft ft 
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wae j = Mr. Hickox question on the relation of model to prototype is entirely perti- a ae 
4 because, from the geometry of the V-notch, every head on a notch of given 
le is a geometrically similar model of some larger head. Coefficients jn 
1 Eq 
ould = 3 
whe. 
cause 
ia 
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: 3 took a otbtype” head of 0.620 ft, the decrease in coefficient would 
i i. 78% (see T rable 6). Since the coefficient becomes constant for larger heads 
« He should never be less t than 0.090 , there would be no ‘decrease -j in coe 


_ Examination of Table 6 would lead one to ‘conclude that for a V- notch 
he weir: (1) The prototype coefficient is less than the model coefficient unless the Fg 
P model head is 0.62 ft or ‘more (for the 90° weir) ; (2) the reduction i in rel 


sacle: depe withig'' only on the head on the model (there being 
no reduction in "‘heathahiits if both model and prototype have heads greater — 
than 0.62 ft). It is hoped that these conclusions will not be misinterpreted. a i 
‘They are presented in answer toa question. External friction on an’ ogee 
a weir very likely modifies them to such an extent that their use for an ogee ya 
oe weir would be indeed an unwarranted extension of the experimental data. 
conclusion the writer hopes that he has explained points not 


“4 


“Ser 


yeh 


— 
— 
— 
= 
— @ 
head ja 0 62 ft or more the decrease in copficient ie indenendentof 
iim 
33 
ii 
¥ 
— E 
— 
— 
—— 


oil} ai boats Rew 
fa 


sho: fr LM. Davis,: M. Am. Soc. 


Wits Discussion BY Messrs. Emit P. ScHULEEN, 
is fr Meer, AND L. M. Davis. 


f. Two series of model tests on hydraulic structures are described in this 


on Susquehanss River i in southern Pennsylvania near the Maryland 
Data are presented on tests made to determine: (a) The discharge coefficients — 
of various spillways; (b) the effect of depth of approach on the discharge | co- 
- efficient; (c) the effect of f submerged obstructions, , such as cofferdam cribs, 0 : 
discharge; (d) the water pressures acting on the spillway face for various con- 
y ditions; (e) the effectiveness of various pier-nose designs; (f) the results of 
erosion in connection with apron design; and @) the proper eee of a de- : 


flecting wall below the Holtwood Dam. 


ioui Hydraulies has been the subject of experimentation for many centuric 


has increased at a rapid rate, largely due to work done in laboratories hes mie) 
5 the world. _ Nevertheless, many problems confront. the hydroelectric de- 3° 
4 by means of laboratory experiments. Few hydroelectric ‘developments have 
been built in recent years that were not preceded by a comprehensive testing _ 
_ A number of problems arose in connection with the design of the hydraulic | 
‘ seetares for the Safe H Harbor development that required model tests in order nt 
q to insure a satisfactory and economical structure. ~ Consequently, a test pro- 7 
_ gram was conducted during the summer of 1930 that included tests on spillway é 
, sections, numerous designs | of pier noses and tests to determine a suitable 
apron to be installed below | the dam to prevent the flood waters from causing 
erosion which would eventually the 


a 
— 
. 
— 
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tests on Holtwood development arose in 1936. 
860, 000 cu ft per sec » Which was 207% greater than th the value used for the design aa a 

of, the Holtwood development. Following this flood it was decided to make 

= — to the hydraulic structures at Holtwood so that they would with- i 
stand safely a flood of 1,200,000 cu ft per sec, the value which was used inthe _ 
ee “fe design of the Safe Harbor development. It was re recognized that under this q 
certain parts of the Holtwood Dam would be exposed to negative pressures. 

determine the extent and magnitude of these “negative pressures, ‘ity was 


decided conduct ‘model tests. It was also desired to obtain, by means of A, a 


—* main river channel from the tailrace and | to replace the wall which failed a 


during the: flood. An apron had never been provided below the Holtwood a 
| Se 0 Dam. On three occasions since the dam was completed in 1910, paving has 


, ie been necessary in several areas along the toe of the dam to repair the effects _ 
a a of erosion. It was decided to design a suitable apron that could be installed “s " 


repairs should become necessary in the future. 


ax pillway calibrations made in 1930 for ‘the Safe Harbor series of tests ‘a 


ment of the main laboratory building. The model installed in this flume was | 


"were done in a 3-ft by 35-ft glass-sided wooden flume (see Fig. 1) in the base- 


1:40 scale ratio that provided one full ‘spillway opening two spill- | 


vee ie For the erosion tests a 1 : 40 ratio model was installed i ie ‘the main creek 
4 below the laboratory as in Figs. 2 and 3. This m model was provided with 
five: full spillway openings and two half openings so that the effect of various | 
combinations of ‘ “gates open” could be determined. The erosion bed was com- 


ne feud’ ie For the 1936 series of tests for the Holtwo od ictiieaneait. it was decided a 
Sar to | take advantage of a 5-ft concrete flume, located parallel to the creek just es 
rs below the main laboratory, for the 1 : 30 scale model that was used for cali- - 
a i. bration, measurement of pressures on the surface of the dam, and for erosion ; 
7 “tests. The setup is shown in Fig. 4. _ There was sufficient room between this aa 
ete flume and the, creek for the 1 : 50 scale model that was used for the de- . 
‘§ ‘flection-wall tests. This was & true model of 300 ft of the east end of the dam, 
oma east abutment, and deflection wall below the dam. Water for both of these __ 
mode setups was obtained through a 30-in. pipe from the main laboratory 4 
Beak building. | This pipe started at a point next to the 50,000-lb weighing tank so 


that all flows could be checked accurately. mad od? 40} 


In ‘connection with the tests for the Sale Dam the coefficients of 
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“gate openings, , equals 2. 302 one fortieth of the prototype head; 
ae si and the approach area, in square feet, equals 2.819 (H + 0.838). In aa 

Bets, studying these results it did not seem logical that, at designed head, the shorter — 
nose (curve 3, Fig. 5) proposed I. A. ‘Winter, Assoc. Am. Soc. Cc. E., 


om and West River Model 


ate— 


| 


catch 


due to slight negative pressures below the crest which would tend to 


erease the discharge. Unfortunately, piezometers were not provided in the 
re the model so that it ‘was impossible to check this assumption. i The 2 
parabolic spillway section with the elliptical nose was chosen for the ‘Safe 
Harbor Dam to effect economies in construction, since even with this slightly S 
efficient design the proposed thirty-two gates would discharge e somewhat 
than the maximum estimated river flow. = 


Ne York, N. 32, 209. 
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at the ‘Holtwood Dam indicated that a certain of silting 
would occur in the pool above the dam. With this in mind a series of tests _ 
made to determine the effect on the discharge coefficients of various ei, 2 
"elevations of the approach channel The co coefficients obtained in these tests 
are shown in Fig. 6, both with without correction for the velocity 
3 "approach. 


In computing the dis- 


3 


oy 


of approach was made, since all gates open the of 
a is only | about 50% of the total river width. An additional | correction was ee 
a found necessary to take care of the excessive end contraetion caused by cross- ink 


necessity for this correction can be realized from an “inspection of 

j ee 7, which was taken from the hill above the west ahutment of the Safe 
Harbor Dam. The river flow was 486,000 cu ft per sec, , and twelve floodgates ipa 
were open in the west spillway. In the yreground on the upstream | side of the 2 


dam, it will be noted that there is a Th flow indicated along the face of the 
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considerable drawdown on the near side of the first gate and | some piling up 
of the water on the far side. The water is deflected from the | pier on the far 


side of this opening, so that by the time it reaches the bottom of the bucket it 
a has been thrown to the n near side of the opening and forms a huge wave ¥ where 
=, ‘it hits the pier extension. - Judging from the wave pattern n of the water leavi 
the apron, the crossflow has some slight effect even on the fourth gate from the 
_- Iti It is evident that this crossflow must reduce the discharge of the end-— 
gates appreciably | when a considerable number of adjacent gates are open a 
At first glance it is difficult to understand why the coefficients of discharge 
with the velocity-of-approach correction improve with increase in velocity of 
approach i in the case | of the Safe’ Harbor L Dam (Fig. 6) . The only reasonabl a 


explanation seems: ‘to be that the recessed face must cause unfavorable flow 


(a) NO CORRECTION FOR ee 
NELOCITY OF APPROACH _ 


¢ CORRECTED FOR VEL! 


Head on Crest, in in Feat 


The results of the calibration tests on the Holtwood dam, with 
various elevations of silt in the approach channel, are shown in Fig.8. The — 
fficients of ' discharge are given with no c correction (Eq. )) and also with full 
correction for 1 velocity of approach (Eq. 2). In computing the discharge curv 
for the Holtwood Dam, no correction for velocity of spproach: was applied, ; 


approximately the same width as the overflow section. 


@ In arriving at the discharge curves for the Safe Harbor iad Ee spill- 

ways, the coefficients of discharge a as obtained from the model tests were used 
Bs any tep-up.” (The term “step-up” is in common use in hydraulic 
turbine work. Experience with hydraulic turbines has shown that i in a ho- 
mologous series the: percentage of losses varies inversely w with the size. Since 
model tests 4 are ‘made on a small size turbine the term “step-up” is applied to the 


correction necessary to predict the characteristics the accurately.) 
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od 


Wp seems probable that, if the same ideal flow conditions existed on ‘the proto- 
that existed on the model, some step-up would be obtained. 
. ideal flow conditions do not usually exist at flood stages so that it would seem 
unwise to claim any step-up in in preparing proto 
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(a) NO CORRECTION 

VELOCITY OF APPROACH +— 


(c) CORRECTED FOR 112.5 
LVELOCITY OF APPROACH 
(Coefficient C in Eq.2 


Coefficient 


fi on Crest in in Fest (Prtolype) 


the 1936 flood was an ‘excellant opportunity to obtain a com- 
parison between the Susquehanna River discharge as obtained at the Safe — 
_ Harbor, the Holtwood, and the Conowingo, Md. (14 miles dowr stream from ie 


hydro plants. The flood peak measured at Holtwood was about 


other two plants. It is felt that this comparison shows remarkable agreement, 


onsidering that the flow was 860,000 cu ft per sec. aM wuvesmal 


‘i FFECT OF CoFFERDAM CRIBS ON SPILLWAY DISCHARGE 


— Hikg Following the completion of the Safe Harbor Dam, it was found that it 
would be a rather expensive operation to remove the cribs of the upstream | vi 
_ cofferdam entirely. To determine the effect that these. cribs might have on a 
ea spillway discharge, a a series : of tests was made, the results of which are shown ae 
in Fig. 9. With the river bottom at El. 165, tests were made with the cribs and — 
& stop logs in Place, with the cribs in place and the stop logs removed, and with 
= solid cofferdam, making | tests for each case at various stages of removal. 


3 ‘Tests were repeated with a river bottom at El. 175 for the cribs without stop op 
Per wres It will be noted that the loss in discharge with the cribs and stop logs i in 


ie with | stop es: removed is s only 4. 1%. Since it was s relatively easy, the stop iS 
logs were completely removed from the cofferdam and the cribs were removed 
tok El 1. 184. 
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HYDROMODELS 
- for ti the cribs i in place to this elevation is only 1. 1%. - Considerable silt has been 
deposited i in the pond but apparently the cribs. set up a dinturbanee | that 


_has kept the river bed. clear between the the dam, 


ENS 


"River Bottom 


Top of Cofferdam — Elevation 
an 


Za Cribs 
Center to Center 


OT "Discharge per Gate with Adjacent Gates Open, in Thousands of Cu Ft per Sec hike 
Fig. on DiscHARGE BY Cares Lerr IN Puace to Various Evavarions, — { 4 


Sana accepting the parabolic section f for the face of the Safe Harbor Dam, 


it was deemed advisable to determine the water pressures a acting g on the face o of 

_ the dam under designed head condition. From an inspection of Fig. 5 it will a 
noted that ‘the slope of face as it approaches the bucket 

of the theoretical lower n nappe. ‘There was 


a from the beginning of the bucket. No doubt this back pressure, eombined — 


Be ing from the bucket deflecting the jet of water, extends some distance alread Sh, 


spillway s of the Safe Harbor Dam was provided with five piezom- 


eters. the center line. onl the ‘obtained from 


x 
— 
— River Bottom 
— 
— 
— 
the measurement of water pressures on the model (see Figs. 10 and 11) 
= 
— 
— 
— 


‘the prototype agree with the pressures obteined « on the 


at and near the crest of the dam, but diverge widely as the bucket is approached. 
_ Of course, se, part of this divergence i is due to the fact thesis the elevation at the 


fag wer 


Distance: trom Crestot Dam, in Feet 
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‘Fra. 11. or WaTer Pressures ON THE Face or Move Prororyrn, 


= bottom of the 5 Bithion of the model was 165, “whereas the elevation o 
of the bucket of the prototype was 168. The elevation of the water below vd 
dam for the prototype tests was about 5 ft higher for he 


m 
— 


none of the floodgates would be at part gate opening, since 
four double-leaf regulating gates, which can be operated by remote qe 
fom the ~ge- room, were provided adjacent to the power house for pond- — 


slight gain i in could be obtained by doing some of the regulating with « 
i. the standard floodgates at the west end of the dam. Consequently pressure ‘y a 
_ Measurements were made on the prototype for various part gate positions. it 
3 ‘From Figs. . 10 and 11 it will be noted that slight negative pressures existed 
part of the spillway face. However, these may be considered of little 


concern since the dam face is vented through end contraction of 
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12. on THe Face or Hoittwoop Dam wits ELEVATIONS 

_ The results of the pressure measurements on the face of the | Holtwood spill 


“ate i. way model are shown in Fig. 2. For these tests the effect of depth of the 


Ba approach 1 channel on the » pressures | was investigated. The Holtwood Dam 


was designed for a peak river flow of 725,000 cu ft per sec. It will be ek 

_ that for this discharge the water pressures are positive over the entire f face of — 

the dam. _ However, for a river flow of 1,200,000 cu ft per sec, it was found that — 
a considerable part of the face is subjected to negative water pressures. 
ae bi _-Using the pressures on n the surface of the dam as obtained from these ! model 


= 


a of the usual uplift assumption, ity was determined that the structure as a whole _ 
was stable. The dam was poured in 5-ft lifts and 40-ft sections. . Large een ; 


pressures actually existing on the dam ‘Using these data in 
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as hee between the pours. ile the of extreme high which 
- would result in negative pressures of considerable magnitude acting on the 
top of the dam, weakness i in any of the sections at this top-pour joint ele 
a cause the loss of some of the top slabs. Such a remote coincident would « cause 
— jittle damage, and the damage would be relatively easy to repair. 


OMPARISON OF 


and tests were conducted to determine ‘the ‘most efficient design. “The 


ae uld be 
gun For ‘the first 6 series of tests on on pier ‘noses, the emergency gate slot was 


a fixed a model distance of 155 in., or a prototype distance of 4 ft 3 in., from the a roy 


‘nose of the dam, and the which longer, were 
_ to extend beyond the dam nose. From this series of tests it was found — 
- Since the results of these tests proved contrary to the usual conception m 
"streamlining, it was decided to make another series of tests with the pier nose 
flush with the dam nose in each case. To reduce the labor required to make 
i the changes from one nose to the other, it was | decided to eliminate both the 
gate and the emergency gate slots from the | piers. The pier noses tested are 
_ shown in Fig. 13. _ As in Fig. 5, the coefficient of ae: was determined by — 


| 90° SHARP NOSE 90° SHARP NOSE ELLIPSE 


j tion was the Gal d design of | Safe Harbor Dam—that i is, & nose Sate of 20 it 
= by 10 ft; a face curve expressed by 2? = 65y; and a bucket radius of 42 ft. a 

. j The results of this second series of tests are shown in Fig: 14. It Will be noted 
that for this series of tests the ‘semicircular design was the least efficient of the 


five designs tested. i in the case of Design 2, Fig. 13, the | pier nose was 2. 3% ee 
= less e efficient at designed head when it extended == in. sbarend the dam nose — 


_ than when it. was flush with the dam nose. 
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Since it was undesirable to move the gate slots farther downstream, an 
os since there 1 was ample discharge capacity provided without taking advantage | 


& of the 2. 47% i increase that would have been obtained if Design 3 had been used oy 
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‘The effect, on the various designs o of pier noses, of flow approaching th 

~ piers from an angle was not investigated. It seems probable that the more ee 4 
streamlined pier noses would lose their advantage over the semicircular pier 


ao When the erosion tests were made for the Safe Mathew development, there 
: Was no previous experience on a dam comparable to Safe Harbor that could — 
s eo 4 be used as a starting point for this investigation . The normal head acting on a 
crest of Safe Harbor Dam is 32 ft, and the total drop from normal pond 
as —_ to ‘ths bottom of the bucket is only 62 ft. With only one ere 


ails, and aprons of various lengths and degrees of angular upturn. 


2 
i 
‘| — 


seemed to be deflected downward with tremendous energy. 
Of all of the types of aprons tested, only three gave , adequate protection. 
One consisted of a 20-ft apron with a 42-ft radius starting from the bottom of — 
. -_ the bucket, with a tangent extension of 12° from the horizontal to a step on oe 
é _ the downstream end, which | was 1 ft 8 in. high and 2 ft 6in. wide. Erosion for 
3 this design started ata point 16 ft from the end of the apron and had a maximum 
depth of 32 ft at a distance of 128 ft. This design of apron was considered — 
_ impractical since the Susquehanna Riv River i is full of debris at times of high flo flow, red 


ij 


/ and it was felt that the. step at the end of the apron would be ye damaged eas easily 
and would require frequent repairs. A 32-ft apron with a 42-ft radius starting - 


— from the bottom of the bucket, with a tangent e extension at 16° | from the 


and without a step, g gave protection almost identical with the 20-ft 
5 "apron with a step. Further tests were made with shorter aprons and steeper KS 
angular upturns. It was found that an 18-ft apron, with a 30-ft radius starting 
_ from the bottom of the bucket, with a tangent extension of 26° from the hori- | 
- gontal, resulted in erosion starting 20 ft from the end of the apron with a max- __ 
page depth of 47 ft at a distance of 140 ft from | the « end of the amet (see 
15 This a ron was adopted for of : 


(a) ENLARGED SECTION 


SAFE HARBOR APRON © 


Distance Below Crest, in nis 


q 156.— UTM oN COMBINATION OF GaTEs Discuanama aT Dam 


20> jet of water leaving the 32-ft apron was smooth on the surface until it Pe 
4 hit the standing wave that was formed downstream. The jet of water leaving — 
the 18-ft apron was very turbulent, indicating that the lower parts of the jet 
were abruptly deflected upward into the upper partofthejet. 
is Since the starting point of erosion was substantially | the same distance ~ 
downstream from the end of the apron for both'the 32-ft apron and the 18-ft 
+ apron, it is evident that the angle with which the jet leaves both aprons must ¥ 
approximately the same. Undoubtedly this. same angle could be obtained 
witha variety of combinations of length and upturn. However, tests on aprons 
even slightly shorter than 18 ft, with steeper angles of upturn, resulted in an oi 
"After the experience obtained by the erosion tests on the Safe Harbor model, — 
it was a simple matter to arrive at an appropriate of ‘the 


se Be __ Early in the program of tests it was found that the floodgate piers had to i. a — 
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; 4 at "Safe Basbor; since there are no gates on this dam and, as s the head i increases j 
on the dam, the tailwater level builds up, forming a cushion pool that absorbs _ 


most of the energy. a" The proposed design of apron for | Holtwood that was 
developed from these tests is shown in Fig. ~ ro It will be noted that this s apron 


to. 

hig 
bits 


= stor}, PROPOSED DESIGN OF APRON FOR HOLTWOOD 


1200000 Cu Ft per Sec 
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"Distance Be Below Upstream Face of Dam, in Feet pr jose 

Fria. 16.- FOR ro 1,200,000 Cu Fr PER Sec, Hourwoop Dam 
is composed of straight surfaces instead of the curved surfaces used at Safe 


Harbor. This type of apron gave substantially the same results as an apron “3 
vere a radius of curvature of 30.59 ft and ending in a tangent of 20° ‘from — : 
ie ae : the horizontal. The starting point of erosion for the proposed design is ap- 7 


ex 


ae proximately 20 ft downstream from the apron. — It will be noted that the ulti- 
mate depth of erosion where the river bed is at El. 114 is only 4.5 ft. Where 
the river bed is at_ El. 128, the same apron provided a distance of 40 ft to the 
: oe starting } point of erosion; but the depth of erosion in this case is 18.5 ft, making — a . 
4 b the elevation of the lowest part of the eroded area the same for both cases. — y es. 
e ¥ ‘$i ince the water ‘surface below the dam is at substantially the same elevation 5 
across the | entire river, the depth of the cushion pool for ultimate erosion in 


ire a for the tests with the river bottom at El. 128, some of the 
and deposited on fhe original bed. ‘has oii 
: +e ‘Ie The Holtwood development was built at the upstream end of an island. 4 
‘2 ‘This island with one immediately downstream divides the river into two 
~ channels for a distance of one mile. There is considerable drop in water- a. 


| surface levels i in this distance. ane The channel on the east side of these islands a 
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(c) DEVELOPED VIEW OF DEFLECTIO 


iN 
40 
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of the dam to the head ry these iteahion we that, in times | of high flow, wate § _ 
- going over the dam would be diverted to the west channel, thereby preventing Ey 
Sf a large i increase in tailrace elevation. The shape of the original deflection wall Re, 
tay "4 is shown i in Fig. |) - T The curved part of this wall, which protected the end of f 
power house, was a rather massive structure. ‘The : straight extension be- 
_ tween the tailrace and the main river channel was @ relatively light section. ie 
It will be noted that the curved section of the wall cuts across in front of the 
- spillway. . At the peak of the 1936 flood, the water piled | up behind this mes 
to such an extent that the straight section was overtopped and failed. , 
The purpose ¢ of the deflection-v -wall tests was to arrive at a layout for 
: part of this wall, which cuts across in front of the spillway, that would deflect _ 
: cae the flow with a minimum height of wave along the wall. It was felt that such a 
layout would be be the most economical as well as the most effective. 
Fee ‘Since it was undesirable to reduce. the width of the tailrace, the straight 
< £5 Section of the new wall, Fig. 17, was fixed in the location shown. It was also” ES 
Fey necessary to maintain a certain minimum cross section of the transition wall 2 
in ye that « connects the | east dam abutment with the : straight section of wall. —Nu- 
ee. merous layouts of this transition wall were tested, and the one shown in Fig. 17 a 
 * finally adopted. _ The height of wave along this v wall for a discharge of 


1,200,000 cu ft per, sec is also shown. - 


ay 


BA es: a 2 _ A construction bridge with top ) elevation of 128 was in place as shown i in a 
ee * Mi _ Fig. 17(a). With the old layout a block of concrete had been poured as shown, 


a co sloping downward from this construction bridge to El. 114, and the space 
oa - between this and the toe of the dam was paved (see point B, Fig. 17(a)). It 
Bs ¥ Ke, was found necessary to remove this sloping section and two arches of the “ 
— construction bridge’ in order to hold the wave to a , reasonable height alon 
uae - . There was some concern regarding | the force of f impact acting on the trans a 
tion ‘section of the wall. Consequently, sixteen piezometers were placed to 4 


measure these forces. The first set of piezometers wa was placed 10 ft (prototype) 


dow nstream from the. starting point of the transition section, and the mo ye 


ae were spaced uniformly along its full length. In no case was 3 the pressure ob- 


the water surface at that point, and in most cases it was appreciably less, 

: From this it may be concluded that the zone of impact is is rather limited and 
the wall outside of this zone is protected from impact by the water that has ; 
these tests it was evident that a straight transition section was su- 
Bee perior to any curved section that would attempt to eliminate or at least reduce — 
the first shock. ey The problem of deflecting a part of a stream over into the 


Iti is felt that, of the | four spillway tested 
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data i 18 about 1% 1 more efficient at wax it is probable that negative 
‘pressures exist somewhere on the spillway face that cause tothe 


for the two series of tests. The projecting nose of the Safe Harbor Dam seems 
offer the only logicalexplanation, 
aa _ The results of the tests with the upstream cofferdam cribs in place are 
valuable in that there are, no doubt, many instances where there would be ra 
considerable saving of expense by leaving these cribs in 
measurements of pressure on the spillway face agreed with what had 
been anticipated. check that was obtained on the Safe Harbor spillway 


pressures observed on the model agreed within reasonable limits, 


tire The results of the comparative tests on pier noses were most enlightening. f 


energy of the should be utilized to make the starting point. of erosion 
as far as possible from the end the than to 


os deflection wall were not unusual in any way. Many such problems have sno 
solved in a similar manner and, until the knowledge of hydraulics increases, a 
future problems of a like nature may be solved satisfactorily by means of model 7 
tests. It was evident from these tests that a straight transition section was 
preferable to yond other design and that the angle a across s the flow should be 


Both series of tests reported in this paper were made at the Alden Hy 
E draulic Laboratory of the Worcester Polytechnic Institute, at Worcester, Mass. 


g The testing was under the supervision of C. M. Allen, M. Am. Soc, C. = 3 
= The writer wishes to express his appreciation to all members of the laboratory — 
staff and i in to Professors Allen, L. J. Hubbard. 
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P. ScHULEEN, ‘ Assoc. . M. Am. Soc. C. E— —Holtwood | Dam 
"described by Mr. was originally designed for a a maximum flood 


spillway to be safe, with only slight negative pressures on the spillway face, 
even for the new design requirements for a flood of 1,200,000 cu ft per sec, 
an increase of about 66% over the original assumptions for maximum flow. ; 
Iti is fortunate that the origina] design was sufficiently liberal to provide this __ 
The erosion tests conducted during the investigations deserve comment. a 
The reproduction in a model of the resistance of the stream-bed ‘material to ‘ 
scour cannot be made with absolute fidelity by any of the usual pene SE 
methods. Such tests give qualitative rather than quantitative results, indi- 
cating the points of maximum 1 and minimum: erosion, and to a limited extent — 

_ the general location of the deposition of bed materials. The use of a movable 
bed in the model, even if it consists of gravel or stone sizes closely simulating 
the size of material found in the prototype, can be considered to indicate only — 
relative scouring potentialities for the various designs tested. Caution 

must be exercised, therefore, in the interpretation of the results of erosion a 
teste, which should not be considered to indicate the exact amount of scour 


ine to be expected. a In this connection, it is also advisable in most instances to a 
obtain data of a negative nature, whereby the investigation would show the a 
behavior of the ‘structure on the assumption that the resistance of the bed 
a te material to erosion and movement is much greater than anticipated and that 2 
negligible amount of scour would occur in the prototype. This can be 
a accomplished by the use of a fixed bed in the model. Since the degree of F 
ero erosion is “more or less unpredictable, n no possibility should be overlooked in a 
= ml The tests to determine the crest profile for the Safe Harbor spillway empha- 
Sie size the delicate relation between the shape of the spillway at the crest aia 
sits effect on discharge efficiency. In general, the coefficient of spillway dis- — a 
_ «charge is dependent on the shape of the spillway crest and the head. r if the g 


spillway crest is ‘designed properly, the pressure in the 


interesting to slate that the subsequent model tests showed the design of the + 


LE 


result. 


head, would result in an increase in the | discharge coefficient. 


a. to note that slight revisions in the shape of the crest profiles tested. (eum 3 


* Senior Engr., U. 8. Engr. Pittsburgh, Pa. 


crest profile would be that of the lower surface of the nappe of an 
jet, and a of of 4.0 would 
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ciable in the 


‘ : Taaiogpeate is true of the Holtwood spillway, which is in conformity with 
results obtained by others in model research and in analyses c of actual structures. 
e Inspection of both designs reveals that the Safe Harbor spillway differs from ee 
Holtwood only in two essential respects—the- use of t the overhanging ip 
aa upstream from the. crest, and the presence of gate | piers on the spillway section. : a 
: This would suggest that the i increase in the discharge coefficient with decrease _ a 
gate recesses, or to a redistribution o 
immediately upstream from mil The latter seems to be the more 
a Ser answer ‘to the problem. . The discharge coefficient, under normal 
conditions, | is practically the same for a spillway crest with an overhanging 
“tip as it is for a crest with a vertical upstream face. _ The effect of a reversal 
in flow lines produced by the overhanging lip apparently i is compensated for 
a by an increased curvature of the filaments adjacent | to the spillway face. 
However, with increased velocity upstream due to a decrease in the approach 
depth, it is possible that this compensation does not occur, resulting in a 
different: condition of flow than before and producing an in the 
shape of the flow profile over the crest. of the st spillway. However, this: is 
merely a conjectural to problem which can be solved only by ine 
The apron designs both the Safe Harbor aiid “Holtwood dams are 
; B aeypech in that no direct dissipation of energy is intended on the apron proper. 
= ‘The purpose of each apron is to deflect. the high velocity jet away from the 


structure and let it dissipate itself in hee as it ‘Strikes the tailwater rand : ros 


from the toe of the dam. 
P Se The hydraulic performance of an apron is a funstion of the head, the 
velocity and thickness of tl the issuing jet, andt the tailwater conditions available. 
- Since these factors differ widely for each ¢ case ape the desig 


requirements apparently have been met in the case of the Safe Harbor and ~ 
Holtwood spillways, since each has weathered floods: of great magnitud 


q without serious consequence. - There is no ) question, therefore, with respect t 
the adequacy of the design in these two cases. Dire 
mee he There i isa a tendency among engineers: to avoid t the expense and time require ee 


problem. ‘The practice of making use of all available information on the 


- subject should not be discouraged, ~~ the engineer should be cautioned to 
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certain that the test are in his case. 
BS _ this respect, the g general type of apron used for the Safe Harbor and Holtwood 
dams has certain operation characteristics that would be- difficult, if not 

s ae to predict except by hydraulic experiments on a inodel of the 
, eg ee structure to which the design is to be applied. Studies made on 
aprons of general type in the course of the model tests 


exist, on the depth of tailwater available. When 


Be accompanied by a , ground roller, which may not ~ of sufficient magnitude to — 
. aa produce serious scour conditions near the end of the apron, n, and in fact may — - 
Toh, even deposit material in that region as in the case of the Holtwood Dam with — 
_ the river bed at El. 128. the tailwater i ‘is raised sufficiently, the jet, 
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turbulence at the: end of the apron, as indicated by Fig. 19. The 
scour is heavy and more general in nature, ssid nang’. dissipation occurs 
cr: through diffusion of the jet into the tailwater, and excessive turbulence. The 
% latter type of flow ‘is undesirable from the standpoint of erosion | at the toe of fh 
- dam. At some point between these two tailwater elevations, the action 


will become unstable and the jet will alternately produce ground and surface — 


ath 


‘rollers, the performance being first of the one type and then of the | other. * 
The unstable action is particularly undesirable because, in addition to the — 
; ‘scouring effect of the water, loose bed material is swept alternately upstream mo wy 
_ downstream with each charge in action, exercising an abrasive effect on Sh 
= bed material as s might otherwise be undisturbed. = = = |. 
Because of this uncertainty in operation characteristics, the adoption of 
_ the Safe Harbor or Holtwood type of spillway apron in the design of other — 
dams without careful and exhaustive check by model ‘experiments might well — 
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: ON BYDROMODELS 
with a comparatively flat angle to the horizontal. The for and 
careful study of this type of apron by hydraulic Kak « experiments prior to its 
7 adoption as a final design for a proposed structure cannot be overemphasized. - 
_ The foregoing comments are in no way a reflection on the designs adopted a 
~ for the Safe Harbor and Holtwood dams, and are e presented o only as a warning ae 
es engineers who might otherwise be tempted to adopt those designs for ~ a 
structures without adequate analysis. The engineer should be cautioned to 
Te a be absolutely certain that the test results are applicable to his problem; or, a: 
better yet, he should build a model andtest it, | 
‘The Paper by Mr. Davis | is interesting and 1 informative. It sum: 


M. Am. Soc. C. E.—There are at least two 

or doing the type of work described i in this paper: (1) To make certain that 4 


4 
giving the « engineers confidence i in the « designs; a and (2) to the conte s of 
these structures without interfering with the operation and efficiency. In one 
afternoon of laboratory work, in the Ss experience, the investigators 
were able to save $100,000 in concrete ‘and excavation, and in addition they — 
obtained better operating conditions. On the other hand, model tests have — 
been made that called for considerable changes i in design, and in some few cases 4 


§ final cost was more than anticipated. — However, it is ; always much 1 more 4 


_ economical to make changes in the model than to correct mistakes in the field. ‘ 


to be Pe ecctesaa on his performance of a fine plese of of work. 4 


ye 


of the Sehoratery toute which led to the adoption of the 
ay _ type of f apron used at the Safe Harbor spillway and to the decision to install a = 
= similar one at the Holtwood Dam. _ Surprisingly, | this type has received ve very 4 


ener 


¢ the natural river bed below the apron, and it separates the zone of cate 
from: the structure by lifting the body | r of the aioe water at the end of seni 


ae _ The change from shooting to streaming flow is obtained by hydraulic j jump | 
4 in the natural river bed. When free surface rollers only occur, the scour is kept 


Bx toa minimum. - However, no analytical method allows prediction of the type 
=- rollers for all discharge and tailwater conditions. When ground rollers — 
* occur, the scour may be very large. . Only hydraulic medel tests can give | a 


behavior of the water in the scouring 


Prof. of Enc, Worcester Worcester, Mass. 
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itions make it applicable, it offers the ment for safe 
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- viously it would not be advisable to use this type where the foundation rook is 
a bedded in horizontal layers with weaknesses in the bedding joints. — Where — 
— shore protection is necessary along the full length of the scouring — 


the over-all | economy of this type may become high 


the present-day scouring g picture at the ) prototype and indicate how it compares 

a The simple straight-line design for the apron at Holtwood is interesting. q 

It may be noted here that the condition at Hales Bar Dam, construction of — € 

which was started the same year as Holtwood (1905), is in many ways similar fe gh 
bs to the e condition at Holtwood. a No apron was a during the initial con- S 


"approximately as at "Safe Harbor. Laboratory showed an apron» 
with a 20°-bucket angle to ¢ give unusually satisfactory service. — In the model, 
_ the sand bed immediately downstream from the apron remained undisturbed, 


Davis? paper gives a clear illustration of highly 
results: which ean be obtained when the design for hydraulic 


extensively coordinated with hydraulic laboratory model tents... 
LM. -Davis,7 M. Am. Soc. C. E.—Two points which are extreme 

‘portant have been emphasized in the discussion by Mr. Schuleen. First, it is 

_ impossible to obtain accurate quantitative results by means of erosion tests on ” 

A models. However, it is felt that the distance to the starting point of erosion : 
S below terse of the dam can be determined with reasonable accuracy by | proper 

oF model tests since the path of the jet leaving the apron should have the same ~ 
relative shape in | both 1 model and prototype for similar conditions. As Mr. 
Bs uleen states, it is very important to simulate, in the model, all 


3. Inc connection with the Safe Harbor: tests 


it was found that the most deatrective erosion occurred when the jet was 2 
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to ls come close to the downstream e 
or, — where navigation channe ke: ration at Safe Harbor, floods of unusual mag ral Pe PG 
| During its ten years of op — 
— 
sign | 
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that 
install an apron in the near future. Howe nd of the dam, an apron # 
decision to install an apr acent to the downstream end o ’ 
navigation channel is hich dissipates most of the energy immed 
sve The TVA adopted the 
nore iim 
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és 
the condition of the depressed 
4 iet to the condition of the upward flowing jet. Second, Mr. Schuleen states 
 . that i it would be dangerous | to use the results of these erosion tests in the design 
q 
an ‘apron for some other as guide i in making a preliminary 


Professor Allen has given the why model tests are justified. the | 


present stage of knowledge i in hydraulics, model tests should be « ce) 


essential in the design of important hydraulic structures. 
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By H. M. WESTERGAARD,' M. Am. Soc. 


“Discussion BY Grorce 


If a considerable pressure is intiathotil within a small area as a transverse load 
on a plate or slab, a concentration of stress will occur within and around that 
area. This stress concentration in type from ‘that observed at fillets, 
-re-entrant corners, or 
If the load on the plate or slab i is enot too o close | to any lines < or r points of ¢ concen- ; 
aaa support or to any edge and is neither too concentrated nor too dispersed, _ 


a if the material of the plate ors r slab i is homogeneous, isotropic, and elastic, the @ 
pee conveniently and with good approximation by means of six coefficients, — 
all of which are pure numbers. aed Three of these—B, C, and D—are called “place 
ie. coefficients”; - they depend o on 1 the place of the load, but not on its manner a a 
Be distribution over the small loaded area. The remaining three—K, S, and T— a 
are called “area coefficients”; they depend on the size and shape of the loaded 
- area and on the manner of distribution of the load over that area, but are inde- - 
_ pendent of the place of the load. When the p place coefficients have been de- 
termined in m cases and the area coefficients in n solutions are thereby 
‘made available i >in m times n combined cases. 
Dane _ Six examples demonstrate how the place coefficients may be obtained pom 
solutions already available for loads concentrated ata point. Area coefficients ar 
are derived in twelve cases. crist lo me 
5 When the load is ‘concentrated within a very small area, special corrections — e 
_ are needed. The most important of these can be made by replacing the place 
oA final, numerical example shows the use of ‘place coefficients, 
- coefficients in determining stresses in a concrete pavement on elastic subgrade 


4 Norm.—Published in April, 1942, Proceedings, 
a __ 1tDean, Graduate School of Eng., and Gordon McKay Prof. of Civ. Eng., Harvard Univ., Cambridge, 
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3 a a wheel load which is distributed through dual tires over the combined — 


= For convenience the plate or slab is assumed horizontal, with the load acting : 
ory 
a asa ,a downward p pressure on the top. The following 1 notation is used: aii 


loaded area; avo dad | 


thickness of the plate orslab; 


measure of stiffness of the plate or slab, defined by Eq. 


relative polar coordinates, defined by Eqs. 7, and corre- 


sponding | to the relative rectangular coordinates z — 


Mz, My, Moy = bending moments ond twisting moment at point in the 
3g directions of z and y, per unit of width of section, Positive 
when the corresponding stresses at the bottom of 
Le plate or slab are positive; measurable i in inch- pounds per 
Tey = normal stresses and shearing stress at the bottom 
the plate or slab in the directions ofzandy; 
, defined through Eqs. 1, 4, 8, and 9, and 
ati a0. used by means of Eqs. 13 to 20; pure numbers; | 
8, T = area coefficients, defined by Eqs. 11 and 12, and used 
ie sud, Laplace’s operator, Eq 3 


Logarithms are natural logarithms | unless otherwise stated. 


‘The: deflection of a plate or slab at the point x due to a load P concen- 
ag ae ar trated at the point u,v at at the distance R from the point zy may be written as a = 
es om sum of terms, as follows: First, a term containing R? log R, which is ; needed to @ 


a. account for the singularity at the point of the load;? second, a polynomial af 
4 second degree in z, y, u, and »; and third, a: supplementing series of terms of 

higher than second degree in Y, y, U, and When, y, u, and 9 v are kept small, 
4 te first term, containing log R, will be a dominating one in the intended appli- — E os 
cations; the terms of second degree will be needed; but the supplementing 


series of terms of higher_ degree may be The number of different 


: 


a 
| J 
a 
— 
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‘STRESS ‘CONCENTRATIONS IN 


coefficients i in the polynomial of second deat is allel by Maxwell’s law of 
2 ‘reciprocal deflections, according to which the deflection at xy due to P at u,v is es 
4 ‘equal to the deflection at u,v due to P at x Ye Thus one arrives at the following ei 
formula which still requires verification; bas 


log=—-1-B 


Agol 
slab in 


< 


in which EF is the of pis is Poisson 8 s ratio, and hi is the 


By applying Laplace’s operator 
to Eq -lonefinds 4i does od Wier asst 


Transverse shears in plates or slabs. per unit of length of section are first 
of By differentiating Eq. 4 with respect to R one finds 
eshear onacircular section with constant R. value found i is - PI(2 R), 


ig which shows that the terms included i in Eq. 1 account properly for the concen- 


trated load P and for no other load within the region under consideration. — 

completes the verification of the form of Eq. 1. bad 

ay The bending mo moments and the twisting moment in a plate or slab can be 


iB y taking from Eq. 1 and noting 


ona 
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— 
ii 
— 
- 
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| “Die elastischen Platten,” by A. Nddai (Juli 


ee ne three coefficients B, C, cae D, which occur in Eqs. 1 1, 4, 8, and 9, will be z. $ 
considered as constants characteristic of tl the small region that is under 
, sideration. The distance c can be chosen arbitrarily, but the choice of ¢ will oe 
ae affect the value of B; the coefficient B attains its definite meaning after c has re f 
* bir In the subsequent applications of Eqs. 8 and 9 it will not be e necessary, % ie 
it is specifically stated, to assume that Z,Yy,u, and v are small; it » 


sufficient that the points z, and u,v be contained within a small aren. the 


8) Assume now that the load P is distributed over a ‘anal area rea. A, ne that the — 


Then Ege. 8 and 9 may be used with P P replaced by pi aA and with integrations 
oe _ _It can now be seen that it will be expedient to introduce the following three 
“area coefficients,” which are functions of z and obtainable by integrations 


eS The coefficients K, S, and 7 are pure numbers. In terms of K, S, and T ee ; “4 
aa — obtained from Eqs. 8 and 9 are expressed i in the following formulas for 4 


the stresses at the bottom of the plate or slab corresponding: to the moments 7 


ey - ai? [as (a + (B +H) | 


(D + 1).. 


a 
— 
3 
— 
— 
i 


The and twist to moments in Bae. 13 and 


‘Finally, the strains and att 


y(D+T). 


‘ints in and 12 can be the slightly 


dA cos 2 a 


dA {2 


A A 


within the loaded area, K may be produced as the gravitational 


- potential created by a long uniform ay waar the ¢ cross section shaped as the oe | 


are govern 

‘ {pie Aft is taken from Eq. 17, Eq. 23 becomes a differential panation for. K; ; 


a m Eqs. 17 and 18 one finds two more equations for K, S, and T; they are equations % 

of compatibility, expressing “requirements of consistent deformations. “Te 


4 See, for example, of Theory by Oliver Dimon Kello Gulius 
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will — 
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The differential Eqs. 24 and 25 have two uses: One is the of results 

ae found by direct use of the definitions in Eqs. 11 and 12, or 21 and 22; the other 

a ie use—which is actually more important—s in deriving formulas for K, S, and T. / 
Examples of such derivations will be shown ina later section. 
an In the special group of cases in which the load is symmetrical ‘around the — 4 

_ origin of the coordinates, so that p = p(r), K will be a function of r only, and te; ; 


It the te soft third had included in in Eq. 1, in 2, 
i and » would have to be added in the expressions for the second derivatives of the - 
ea 4 — deflection. _ Accordingly the moments in Eqs. 8 and 9 at z,y due to a load P at 
u,v would be by terms that c can be written i in the form, 


the: constants ¢1, Ce, 


‘4 It is observed that the constants C1, C2, Cs, and C4 have been written in Eq. 30 in 
oy = such a way that the two equations of compatibility corresponding to Eqs. 25 
a 3 os _ will be satisfied. If Eqs. 29 and 30 are to be used directly, the origin | of sot 
nates should be chosen so that z, y, u,andvcanallbekeptsmall. 
Me When the load P is distributed over the area A, the term P in Eqs. 29 and 30 
% oe can be replaced by p dA, and thereafter the expressions on the right side can be 
integrated with respect to u and over the area A. The resulting supple- 


4 “2 ‘mentary moments at point z,y | will still be expressed by Eqs. 29 and 30 provided - 


_ that u and v are now re-interpreted as the coordinates of the “center of the 
aa i load,” by which is meant the point of application of the resultant of the dis- 3 
a - tributed load. It follows that there is an advantage i in choosing the origin n of Sg * 
& rs ma! 4 the coordinates at the center of the load; namely, that the terms in Eqs. 29 and 

‘30 containing u and and the six constants cs to cio thereby drop out. If, 


aa a 7s besides, the moments or stresses are computed at the center of the load, so that 
= y = 0, thes supplementary moments corresponding to the terms of third 


degree in the expression for the deflection disappear altogether. At other 


4 
a 
: 
: 
q 
4 
Rest 
i. @ 


portional to first moments the load. Jededen of terme of fourth i 
the expression for the deflection would Produce further terme 


‘inertia and products of inertia of the load. 
ag a © useful conclusion can be drawn from these deliberations: It will be 


a desirable generally | to determine the place c coefficients B, C, and D so that ; they 
will be exact at or near the center of the load, __ When this i is done, the « origin of : 


of ‘interest the supplementary terms that might otherwise be considere 
remain 1 small; and the formulas in Eqs. 13 to 20, may be used wi 

EG ut Corrections needed when the loaded area is too large to be ra 


_ o ‘THE PLACE Conrrictents 

Example a. Center of a a Circular: Plate or Slab with a Fized Edge atr= 
_ When a load P is concentrated at the center, the deflection oar poi nt 
can be written in the form of = | 


and 


SS ne b. Center of a Circular Plate or S Slab with a Simply Supported Edge 


the load at the center the at any ‘Point can again be 


es 
and C=D=0. 
in Ea. can be like those in Ea. 32 by 
of of the formula for the which is in this case*? 


2 (1 + hoa 
§8ee, for example, ‘Die elastischen Platten,” by ‘A. Nédai (Julius Springer, Berlin), 1925, p. 61; or 


*“Theory of Plates and Shells,” by 8. Timoshenko tai ath Book Company, Inc., New York, 


sother — 
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80 in &q. 8 for the moments 
applies over the whole a 
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gand 
other 
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Example Rectangular Plate or Slab Estending Far in the Directions 
y, with Simply ‘Supported Edges at t =+ = and with a Load P at 
A particularly usable solution of this wes given by A. N&dai8® in 


1921. According to this solution one may write 


in in which z denotes the complex.‘ variable z= ttt y and | the symbol Re stands for 
f “When R, , which is the same as the asta thas z— u, is small, Eq 36 


. ‘It ii is convenient to cheest c=l. A comparison of Eqs. 3 3 
ae. 


Example Special Case The Load bh ‘at at 


tie 0.4516, ad? nd D<0. ants dary 40) x 
Again a Long Rectangular Plate o Slab Extending Far in the 


A supplement” to Nédai’ 8 tor the simply supported or lab 


gives results. that can n be stated as 


c=l B=-1044, C=O. 538, and D=0..... (41) 
Ezample f. Large Slab on Elastic Subgrade Offering | a Reaction per Unit of 


Be Area Equal to the Deflection Times a a Constant “Modulus of Subgrade Reaction” = 
k; the Place of the Load Being Far from 


This problem was solved in 1884 by Heinrich Hertz" who considered a 


“Uber die Spaanunenvertelieng in einer durch eine Einzelkraft belasteten rechteckigen Platte,” by a 
Niadai, Der Bauingenieur, Vol. 2, 1921, pp. 11-16; or “Die elastischen Platten,” by A. Nédai (Julius . 
*“Computation of Stresses in Bridge Slabs Due to Wheel Loads,” by H. Public 
- Roads, Vol. 11, March, 1930, pp. 1-23, especially p. 6. 


Tbid., especially p. 20, formulas 104 and 105. 


itk rts, W 


u “Ober das Gleichgewicht schwimmender elastischer Platten, by Heinrich Hertz, Wiedemenne 
4 ek ex Physik und hemie, Vol. 22, 1884, pp. 449-455; reprinted in his his ““Gesammelte Werke, " Vol. 1 
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and loaded by es 
force P. The can be applied to problems of concrete 
"pavements if it is recognized i in advance that the assumption of the existence ‘ 
a constant modulus k of reaction i is at compromise 


 Whena distance l, known as Ba ‘radius of relative stiffness,’ Ss ’ and defined 


. Hankel’s Bell 


N 


ds for the real part and the ayinbol Im wid the 


in which the symbol Re stand 
aginary part of the function. Eq. 48 isa statement of Hertz’s solution in ac 


- Toshow that Eqs. 48 and 49 apply (without need for adding other pastiowlar : 


pa ‘solutions containing integration constants) in the case of a large slab with ‘the 
= load P at r = 0 three further | observations will be sufficient: First, both ¢ and ‘ 
_ Af vanish when r goes to infinity; second, d{/dr = 0 at r = 0; and third, when 


12 “Stresses in Concrete Pavements Computed by Theoretical Analysis,” by H. M. Westergaard 
Public Roads, Vol. 7, April, 1926, pp. 25-85, 
“Analytical Tools for Judging Results of Structural Tests of Pavements, by H 
— tbid., Vol. 14, December, 1933, pp. 185-188. 
14 “Stresses in Concrete Runways of Airports,” by H. M tergaard, Proceedings, Nineteenth 
of the Highway Research Bd., December, Yo39, in 1940, pp. 197-202. 
_ “Funktionentafeln mit Formeln und Kurven,” by E. Jahnke and F. Emde (B. G. Teubner, ‘Leipsig), 
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A simple complete f flexure of plates or slabs, 
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Gh is Eq. 49 may be written i in the form!” 


a “A comparison of Eq. 50 with Ea. 4 and a consideration of the symmetry 4 
= lead to the following statement of results for the slab on elastic subgrade: my 

‘STATEMENT OF THE AREA Coxrrictents IN TWELVE CASES 


— 


be 


ey 


21 and 22 when the load i is over the loaded a area; 
otherwise they are defined by Eqs. 11 and as, Some formulas will now be 
at GS 


with the distributed over the aren, 


9 


ie Narrow strip along the whole periphery of the circle r = a, with the a 4 


distributed uniformly over the len gth. aq 
B. 


gen 


ae 


Circle r r= a loaded over the area according to the formula 


4 
— 
= 
4 
4 
- 
| 


utside the circle: 


‘Circle r loaded « over area a 


n which n —2andn 


BLASS, 


be 


Within the area ve the ellipse: 


ot | 


18 


ae Outside awe area of the ellipes tis expe dient to use e afunction of the comp 


to 


at n = 0 repro n+é4 7 


be wri ‘great of in the form 

ie The following + values, witha are e stated it in terms ‘ot Wi in Eq . 68, hgetp ‘outside 


area and coincide with the values in Eqs. 65 to 67 at the boundary: 


f 
and which may be written | tat’ 


At 


K- 


K Re [log W) — 2 


(is 


<3" ry 


+ayIm) W + 2abRe(W). 


= bot $= < g 


‘in which Re stands for “ ‘thes real part of” and Im fo for ' 


4. 


wit 


3 + log 


+H 


@- 


b*) 


bal 


At 


duis 


Ze 


Oy y = one ‘nity 


a+ 


70 ro dling 4 


_@ adta 


a? y dd 


When wwe y is great or b is fairly « close to a, , Sin Eq. 78 will be close to Se 


value 


z=0,y= 


, Eq. 80 gives = 0477, 


— 


whereas Eq. 78 or Eq. 66 gives S = 0.475. © The first two terms in the e expres: ; 
in 55 are ‘Suggested by the formula for 8 in 53, 


Case 6.— 


Narrow strip ‘the a axis of with th the loa q = ur unit of length; a 


from zero only over & olf ia ial ia 


oT 


itm 
“a 
— 
— 
— 
— (iC 
= — 
- 
= 
iJ 
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: 
hes solution may be written i in terms of a nation ze of the seinmsgas variable | 


in which Re » 
and Z’ denotes the first derivative with respect to 2; ener that Z and Z 
_ 80 that the three conditions, the first: 


» 


Re Z converges toward log (c/r) when z goes to infinity. 


arrow strip along the axis of z from t=—a@ to +oe with the load p 


_ The solution may be stated cither as as an an application of Case 5 or or as an is 


As application of Case 


Narrow strip along the axis | t= —atoz=a, loaded 
1, 
+ a” 
log —— 


Nar Ww strip 1-3i in Fig. 1, loaded uniformly over dhe length. 


— 
(7) — 
— 
ide 
ary: 
(71) 
a” —positiv plus and minus signs appl Eve 
(77) 
| 
— 


oint 0: Ye 
K=1+ 5 log = + °° 


‘itis at point 0: For K: add 3 to the value i in Eq. 89. ha _ coefficients “4 


and T are the same as in Eqs. 90 and 91. * 


_ Polygon composed of triangles such as 0-(2 n— 1)-(2 n+ 1) in Fig. ry with "ie 
ne =1,2,3...; the load being distributed uniformly. over the whole area A. _ 


i“ log — Ran Ba 4 


f Ran ba 


Ren 


fig: 
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— the two corners ers at. which both : z and y have either their sv" values 
‘J ‘Coefficient S is the si same as in Eq. 96. 


: ee 5 At the center of either side of length b: K , 8, and T are the same as in Eqs. 

to 97 that a is replaced by 2 a. aggiti tinal 


hy. 


Some of the for the. area can be. conven 

= by direct use ‘of the definitions in Eqs. 11 and 12, or 21 and 22. _ _ For example 

* in this way the formulas for the uniformly loaded circular area in Case 1 


Eqs. 52: and 53, can be obtained by easy i integrations; and the formulas for the 


39) a = Rectangle with sides a and 6 in the directions of z and y, loaded uniformly ee 
is 
 . 
og 
ait 
ima 
— 


e is A ho t be incl mo ircle ial eq th 
4 hich, 8,8 rd be n tr ive; 3 b 
these at yee d, cr p d Za (c/r). K it be = 
ly he K mu co b 3 or log ; = 
tha ces 0 nity, cha poss Ca: is K form ec nda de 
juenc infi rd den cept in C j ible Tesp bou > 
to wa udd xc 0 for Oss. 61, he tho rr. 
a oe rge no ou t for ly an oss a 
mu in = to cla. Th 1 Eq is ond 6 t 
at 1 spe a. ted in /dr for an = a; | 
if 


By 


te ‘Three conditions which apply at special places, and wi which are consequences 5 
of the definitions | of K, 8, and T in Eqs. 11 and 12, rt make the pore 


(8) = log = — cos20, Te sin 20... in 


a * The second and third conditions will be stated under the assumption that e 


condition is that K, 8, and T must b be with values, 
* finite or zero, at all points of the zy-plane except at e = wo, The third ¢ con- 
‘a valued at all points except at lines where the load is concentrated as 8 load q : 
per unit of length of the line; in crossing ; such a line in the direction of a a Teo 


+ 
drop by the amount Q/P, giving the surface 2,y,K a edge or 


; ag where the surface z,y,K also has one. This conclusion may be used for sup- 


plementary verification of of results, but the three conditions that were ‘Stated 
4 and Eqs. 104 and 105 are sufficient to define the single solution that exists — 


Three ‘additional, general observations are ‘needed. The first is is 
general solution of Eqs. 104 and 105 for the unloaded region, in “which p= 


may be written in the 


20 - 3) + Ret 


>. & which Re stands for “the real part of’ and Im for “the imaginary part of,” 
Z and Z, are any analytic af the complex variable and is 


Ey ‘The second general observation is a if the loaded area is turned about 


the point u,v through an angle ap, so that the original angles a are changed — 


ring, 
io 
am 
ad 
— 
— 
‘ions 
enr 
nut 
oust — 
thet 
: 
8 ditions and Eqs. 10d, the derivatives of S an with respect to z and 
will automatically be single-valued at all points except at lines where load 
both 
iver 
jives 
a 
this 
yple- 
the 
the 7 
ag 3 5 . * a + ap, the value of K at point u,v will remain unchanged; but the values 2 
104) Soand 7 of S and T at point u,o will be changed, according to the definitions 


| dP ¢ cos 2 (a + a) = S — Tosin 2 ao. 
T= —= | dPsin2 (a + ao) = Sosin2 ap + To C08 2 ax... .( 


oe The third grawel ‘iain deals with the effects of an expansion of the 
loaded area. Consider three areas Aj, A, and A; over each of which the load P 
is distributed uniformly in succession. The area A, has the boundary r = r; (6); 
- ds has the boundary r = (1 + 7) 7: (), in which ji is a positive constant; and As 
ye is the part of Ag lying outside Ai. At r=0,8 and T will have the same values a 
_ for the three areas; but K will have three values Ki, K:, and Ks atr = Oforthe — 
three ar areas. The ‘following relations as apply: beot anit 
ahd} 


preparations have now for discussion of the remaining 
ara ‘In Case 5 an elliptic area is loaded solution in Eqs. 65 to 
and 71 to 73 is verified by the following observations: First, Eqs. 72 and 73 fit — 
nc the pattern of Eqs. 108 and 109 when W is any analytic { function of the ee 
2; but when W is chosen. as in Eq. 68, all three Eqs. 71 to 73 fit the 
pattern of Eqs. 107 to 109. Second, with W as in Eq. 68, the values i in Eqs. ie 
= to 73 converge toward the values in Eqs. 106 when r goes to infinity, and assume 
oy: 4 the values defined by Eqs. 65 to 67 on the elliptic boundary. _ Third, the values 
See” K, S, and T in Eqs. 65 to 67 satisfy Eqs. 104 and 105. ' Fourth and last, the a =a 
first derivatives of K with respect to x or y are the same at the elliptic boundary 
_ whether they are determined from Eq. 65 or Eq. 71. The solution satisfies all 
requirements and i is correct. Fors an additional check it can be observed 


” ho Tn Case 6 the load i is at y = 0 only. Eqs. 82 fit the pattern of Eqs. 107 to 
109. aed ‘The requirements in Eqs. 106 for r= © are satisfied ; and Eq. 83 assures 


in or rousing the axis of z from 


{ 
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— 
— 
— 
5 
— 
4 
4 
a 


which i is equal to drops su 


satisfied. The solution is of ‘the type introduced Nédait in his of 1921 


Case 7 is an obvious of Case 5, by letting os one » principal 
Zz radius b of the ellipse approach zero; but Case 7 is much simpler than Case 5 and 


2 


is solved conveniently by direct application of Case 6. The solution of Case 7 ca 
‘serves therefore as an additional check on the solution of Case 5. gol ofif'n0d¥ Sh 


The area coefficients are determined d only at the origin of the coc 
ie The value of K may be obtained either through Case 8 or by integra 
‘eeunding to the definition in Eq. 11. The values of S and T are derived con 


__veniently by determining first their values’ — Soa and — To when « ain Fig. 1 is 


— 2/2; this can be done either through Case 8 or r by it integrations according to 
the definitions i in —_ 12. Thereafter Eqs. 110 and 111 are applied 


3 in Fig. 1. 
cient K is obtained from Case 9 th through Eq. 116; ;S and T ‘Tare cihatede the 


Case 11 of a polygon and Case 12 of a rectangle are direct applications of | 


Tures EXAMPLES OF CoRRECTIONS NEEDED WHEN THE LoaDED AREA 


1.—Consider a circular plate « or or slab with a fixed edge atr = cand 
a with the load uniformly distributed over the area of the small circle r = a. — 

- Combination of the place coefficients in Eqs. 32, Example sont ie area 

coefficients i in Eqs. 52, Case ome at center 


eine the be 


a correction is needed. _The correction can be made by replacing B 
Pr by. a corrected combined coefficient (B+ K)’, which in this example may be a 
determined as follows: 
pt According to Eqs. 4 and 32 a load P = 1 at the d distance r from the center 
a of N Af at the center equal to 
log * +3 + F(r) ] 
t r = 0 and contributes no sin 


Th 
the 
OF ne, 1s & direc 

e load is distributed uniformly over the length of the 
| 
5 

<4 
— 
ning — 
067 — 
i 

ues throug ng moment and th he 
ues through Eds. 1: and the greatest stress at the « 
ary 

ures 


‘The surface N (a is an influence surface and may therefore be 


i as a deflected surface; it must obey the equation A? (N Af)» = Ofor0 <r 


= 


satisfy the conditions of the fixed atr=c.. The only form of Eq. 


of N Af at the center becomes, by use of Eq. 


patison with Ex Eq. 120 shows that the corrected v of B+K, which will 


fs 


x 


at 


last term in Eq. 121 represents the correction. = the cor-— 


is 1.1%. When a =¢, the ‘correction accounts for the whole value of 


ian Ezample 2.- —The same plate or slab and the same load are considered a as in : 


i Example 1 except that the edge | atr = =e is now simply supported. — Using Eqs. q 


Bw PE value (B + K)’ eli hl the radius a of the loaded circle 4 ; 


+e . ceases to be small can be obtained in the same way asin Example 1. Instead of 


‘The last in Eq. 124 the c “When a = c/4andp = 0.3, 


_ Example 3.— Consider a large | slab on elastic subgrade | under load dis- 
uniformly ¢ over the area of a small circle r =a. Combination of the 


oe 52, gives at the center of the circle ‘the sums ae ale 
-D+T=0.. 


— = 
— 
F 
— 
a 
4 
| 
— 


values are proportional to B+ K,asin Examplesland2. j= 
a a G An analysis applicable when the radius a has ceased to be small] leads toa 


long asa<l. Asin Examples 1 and 2, the formula defines a corrected com- 
bined coefficient (B will replace J B +K. The 


_ The last term represents the correction. With a = 1/2 the correction is 1. 9%, < 
| which i is still small. With a = = 1/4 the correction is ( 3%, which can well be 


NEEDED WHEN THE Arza Is Very 


Sth 


usual ‘assumption that horizontal normal stresses. are proportional to the 
f men from a neutral plane will not apply i in the immediate vicinity of the 


= plate or slab are of primary interest, it will be suitable ‘to state corrected 
$ results i in terms of “substitute coefficients” 8, and ‘These substitute 


: an 
Bi 4a high peak at that point, while K’ will have a rounded peak of finite height; this : 
Suggests the importance of replacing K by . K’ when the loaded area is reduced 


‘nearly to a point. ‘ On the other hand, S and T have the extreme values + L 
which suggests that the replacements of S and T by S’ and 7” will usually be 


_ ‘Felatively unimportant, and may be ignored in most practical problems. » The. 
that follows deals with the replacement of K only. 


q circle r = a, the value of K at the center, according to Eqs. 53 52, is . ex 


die value of the substitute coefficient K’, which will define the correct stress at # 
= the bottom of the plate or slab under the center of the circle, aid be written in — 


Barts 


18 “Stresses in Concrete Runways of by H. M. Westergaard, 2, Annual 4 
Ba, December, 1939, Dublahed 1040, expecially 


uced  __in which 1 is the radius of relative stiffness defined by Eq. 44. Eqs. 125define — 
4 — 
=e ¢ 
118 — 
simple Tormula which will include the needed correction with g00d accuracy as 
i) 
— 
| . 
vile — 
— 
121 — 
cor- § then be corrected in accordance with the theory ol elasticity in three 
eof 
Eqs. ‘| Coeincients should be devermined 50 ey Will denne the correct Stresses ‘ 
the bottom of the plate or slab when they are used in Eqs. 15 and 16 instead 4 
— 
1) — 
ircle 
4 
3 
— 
(124) 
0.3, 
| 
fthe — 
‘tn which a’ is a substitute radius nutations hased on a eor ean hy 
q a 


led the numerical values in Table 1 and to the 

= which fit the numerical values with good approximation: 


in which h is the thickness of the plate or slab. A ids 
_ If the load is distributed uniformly over a non- -circular area, or if the area as 
a is circular but a point other than the center is considered, Eqs. 128 to 130, or 

hat Eq. 128 and Table 1, mays still be used to obtain a proper substitute cosfiiciont — P. 


K’. If the circular area that was considered replaced by the ‘sector 


2 


TABLE 1.—VALuvEs OF THE RATIO r=0 will be the same as for the full — 
or THE SusstTiTuTE Raprvs a’ OF circle; i it follows ‘that if the constant 4 
A UNIFORMLY LoapED radius a is replaced by a 


AREA TO THE THICKNESS h, FOR function 


OF THE Rapivs a TO (6) for = < <2: r. (131) 


h defining the boundary of a new area 


in polar coordinates a, 0, the new 

0.75 sued! K' = =— 5 dé + log = 5). 


bia in which a’ the same function of a as a 


Assume next the Tange Gmax — — Gmin of a in Eq. 131 is fairly small 


compared —_ the thickness h—for example, not greater than h/4—then within 


| in which ap» is chosen so that 


a and a is the value of a’ for a = ap, while dis a suitable constant. According 

e 


ee aes Eq. 134 ao may be defined as V2 t 2 times the polar radius of gyration of th 


‘@ Pik area A about r = - 0, or as the radius of a circular area having the same polar 
= radius of gyration ‘about the center that A has about r=0. The use of Eq. 


183 means that a piece of the curve a’ = a’(a) is replaced by a euitable parab- — 
Biegungsbeanspruchung yon Platten durch by A. Nédai, Schweizerische 
Bauzeitung, Vol. 76, 1920, p. 257; or “Die elastischen Platten,” by A. Nddai (Julius Springer, Berlin), 4 


in by Theoretical Analysis,” by H. M. Westergaard, 
ie Roads, Vol. 1926 26, and 27. 


4 


a 
— 
— 
— 
met 
— 
= 
F 
— 


* 


Substitution from Eqs. 135 and 134 j in 34 in Eq. 1 132 then | leads to ‘the 


¥ a aoe radii a and b, as in Case 5, the value of K at the center is according — 


The Thi radius of gyration is proportional to Va +B Consequently, 
the ellipse i is either small enough or or sufficiently ‘ins to. a circle to permit the 
us use of Eq. 136, the rule for changing | K into K’ ' may bi be stated as follows: The = 


value of 4 + in is nccording to 120 substitute 


which be Eq. 129° should not be: ‘applied 
> h/2, nor when a+6b>3h. When either |a — > h/2 or 
a+b > 2h, it is suggested that instead of using Eq. 138, K’ at the center be 
: - determined as if the ellipse were a circle with the radius 4 (a - + b); this means RP 
that a in Eqs. 129 and 130 should be replaced by ( (a b). Such ¢ a 


become enough to permit the assumption that K’ = K. 


EXAMPLE: WHEEL WITH DUAL Tires ‘ox 
is ‘The ‘numerical data : defining this example are stated at the head of Table 2. ae 
Information kindly supplied by E. F. Kelley, Chief of the Division of Tests, a 
Public Roads Administration, Federal Works ‘Agency, in a letter, indicates — 
that the assumptions stated at the head of Table 2 about the area of contact 
_ between tires and pavement represent with fair realism a case of a not excessive abs: 
— overload, ‘such as may occur in a dynamic ac action of the rear wheels of a truck. ae 
‘The a sstual area of contact between a tire and the pavement is likely to be 
- something between an ellipse and a circumscribed rectangle, but the difference 
between the assumed ellipses and a corresponding true area is not important 
_ With the numerical data stated at the head of Table 2, Eqs. 2, 44, and 51 
= 89,320,000 Ib-in., = 36.56 
att 
B= 0.1159 
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=. a desirable t to investigate first. the effects of the load P= 5,000 Ib trans- a . 
through one of the tires. value of Eq. for the 


(58.405 (B + K) 19.488 = 


ad ee but the possible necessity of replacing K by K’ should be investigated. With — 
i a: as 3.25 in. and b = 6.5 in. one finds at the center of the single loaded ellipse : ” q 


TABLE 2.—Nomericat or Stresses CREATED AT THE 


or Seven-Incu Concrete PAVEMENT BY Loap or 5,000 Ls 

TRANSMITTED THROUGH A SINGLE TrRE on BY A WHEEL Loap oF 10,000 Ls 

“TRANSMITTED THROUGH Tires, WHEN THE Loap Is aT a 


of elasticity of = 8,000,000 Ib-in.-* = 0.2. * 
Modulus of subgrade reaction, = 50 Ib-in.~* 
Pics load is assumed uniformly distributed over the area of contact between tires and pavement. 


case of the single tire the area of contact is bounded by the 
@ me the case ) of ‘the dual tires a a second area is added; namely, the the area bounded d by a second cond ellipse 
The values ar are » from Eqs. 141, 145, 146, 147, 
The decimals are included to show the variations clearly. ben, nS 


— 


Disrance 2 oF Sransszs (La-In.) ary =0 ag 


3.25 | Edge, ellipse I 136.47 173.25 | 21301 


Edge, ellipse I 132.15 (136.47 
ie pis 12811 
idpoi 9831 | 119.98 

Between ellipses 86.26 
i 


14.75 | Edge, ellipse II | 4 173. 25 4 


_ 
& 


ie by Eq. 138: a’o = 4.827 in.; by Eqs. 136, 139, and 140: B + K’ = 2.6406; by % A 
Eq. 66:8 = and by Eqs. 1 141 with K replaced by K’ the at j 


ae wW hen a is not aaiieal by K’, one finds at the center by Eqs. 65, 139, and 140° 


an ad thereafter by] Eq. 141 thes stresses the center 


if 
— 
ag 
tid 
— 4 
| 
“= 


Int the r remain- 


ing computations K will: not be replaced by nevi 


owing values apply at points on the axis of z: to, 19d 
Within the ellipse, by Eqs. 143, 65, and 66: 


Px uo K = 2.6307 } soy gis 1 _4 


ei Outside the ellipse, by _ 139, 140, 74, and 75, and with the notation ee 


The in third fourth of Table 2 were computed 


When the load 2P = 10,000 Ib is transmitted through two) tires and is 
— uniformly over the area of the two ellipses defined at the head of 
Table 2, values of the stresses may be obtained by superposition. ‘Since the 
- distance between the centers of the two o ellipses is 11.5 in., the stress o, or c, ; 
at the point 2,0 due to the combined load . P is the sum of two stresses someene-dil = 


- fr the stress at the point (11.5 in. — 2», 0. . The last two columns in in ‘Table 
_ 2 were obtained in this way by simple additions. 


ay A small area on the a ate or 


ees or slab can be considered as homogeneous, isotropic, and elastic, the Re. 


& 


; ee and deformations in in the region of concentration can be expressed by aan 


: The place concent s depend on ‘the size and shape of the plate or slab, on 
"the way ‘in which the plate c or slab is supported, and on the locality of theload, 
but do not depend on the size and shape of the loaded area, nor on the dis- ote 


ia _ tribution of the load over that area. . The area coefficients, on the other hand, ~ e 
t - depend only on the size and shape of | the loaded | area and on 1 the manner | of ae 


“a 
TTOM 
— 
lipseT) ae 
pee 
46 = § waded afea Is NOt Close 
4 a 4 te any edge, and if the main dimensions of the loaded area are not too small i 7 a 
<4 mnare e thickness of the late or slah and if the material of the 
— 
Each problem of this kind of stress concentration can be — 
esat § considered as solved wh 
(142) 4 
140 
(163) 


product of two numbers; namely, the number of available sets of place coef- 
ficients times the number of available sets of area coefficients. = gcdivedd ian 


aad Sets of place coefficients were derived in six examples by inspection of 


known solutions of particular problems in which the load is ¢ concentrated at 


“4 single point. The number of such examples can be increased without difficulty, — = 
Pe because solutions for a load concentrated at a point are known in more cases 


than the six that were considered ; and new problems of this his kind can be solved a 
i. the methods of the theory of plates or slabs. _ Such new solutions will have a ‘ 
an extended usefulness because place coefficients can be derived from them, : 
ae a each new set of place coefficients can be combined with any set of fara ff 
Area coefficients were derived in twelve cases. The areas confining oe 


hed are a circle in Cases 1 to 4, an ellipse in Case 5, narrow strips in Cases ‘2 
ia 9, a triangle i in Case 10, ‘any polygon } in Case 11, and a rectangle i in Case 12. 

While the range of these cases is representative, it will be desirable to have a ; 

j Special devices of analysis are needed in the particular class of problems 
sj. which the main dimensions of the loaded area are small compared with the ~ me 
thickness of the plate or slab. Certain “substitute coefficients” were shown 


The use of place coefficients and coefficients was illustrated by a 
numerical example. In this example the slab is a pavement, and the load was 
assumed to be distributed uniformly ¢ over the area of f two ellipses which repre-— 
ae sent the area of contact between dual tires and the pavement. ‘The: stresses ta 

Were by superposition of the effects with each 


4 


4 
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4 
— 
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R. Ricu,” M Boe. C. —The hai 

Prem ‘paper of great practical interest, in which functions of a complex, i 
variable are used to advantage. Since the analytical methods adopted will 
be valuable for general Teference, it is appropriate to indicate that much a 
= the qualifying material preceding Eqs. 107, 108, and 109 follows directly from 
the specification (from pure mathematics) of conditions that are necessary and 
4 sufficient for a function of a complex variable to be analytic. % Included in 


- this is specification a are the familiar Cauchy-Riemann equations which « are pape 


rently available. ever, it is believed that tables of the so-called 
F 3 and. “Kei”? type of Bessel functions are more commonly used in ‘the United 
States than those ‘giving | Hankel functions of t the order of ‘wero for complex 


— tkei 


Vi ) = ker 


iy auld junit 


Modern tables of these 


+ odd) Chf. Design Engr., TVA, Knoxville, Tenn, 
= ai 8 “Theory of Functions of a Complex Variable,” by E..T. Copson, Oxford Univ. Press, 1935, 
%“'The Theory of Functions,” by E. C. Titchmarsh, Oxford Univ. Press, 1939, p.64. 


1 _% “Tables of Functions with Formule and Curves,” by Eugen Jahnke and Fritz Emde (B. G. Teubn 
 Leipsig and Berlin, and G. E. Stechert and Co., New York, N. Y.), 1938, p.252. 


‘Bessel Fur Functions for by N. W. McLachlan, Oxford Press, 1934, p 


Treatise on Bessel by Gray, G. B. ‘and 
maillan and Co., Ltd., London, 1931, pp. 26, 58, 


f Functions of a Complex 
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se 12 that the 1988 edition of mntly surprised to 
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blems 
hthe 
d 
etwo in "ker" — 
| 4 
thoroughgoing coordinate eatment of the general of Basal functionsis 
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best obtained ‘through the medium of complex variable theory and is preferably 

_ The conversion of the Laplacian operator to cylindrical coordinates, Eq. & ae 
can be obtained, of course, by elementary methods ; but, since the engineer — ‘ 


7 assigned to work has frequent occasion to a transformation 


° with striking ne and directness by means of the methods of tensor 


and the non-zero components of the are— 


Using Eddington * notation, the tensor i for r the “Laplacian 

‘operator, valid in any system of coordinates, in space of any number of dimen- 


Oz, Oz, Oz a dz, 

\ 


only non-zero value of the e Christoffel symbol i in ‘the fore 


ins case is am 1} = — R, and the conversion is immediate: Nene. 7 


ie auther states that the | coefficient K defined | by Eqs. 11 and 21 is a 
: logarithmic potential, and mentions electrical potential analogies that exist 
in connection with the derivation of Eq. 65. A familiar and perhaps closer a j 
tom occurs in the theory of elasticity i in which both direct and logarithmic q 3 


Youna,” M. Am. Soc. C. —The of the 
vat a plate in the vicinity of a transverse concentrated load is one of the most — 
problems in in plate analysis. ordinary theo theory of bending of 
ere plates is not valid for stresses at a a point load, and it is necessary to correct the me 


i results i in accordance with more exact theory or to take into consideration the ~ 
___ %“The Mathematical Theory of Relativity,” by A. S. Eddington, Cambridge Univ. Press, 1937, 2d co: 
_ Theory of Spherical and Ellipsoidal Harmonics,” by E. W. Hobson, Cambridge Univ. Press, 
“The Mathematical Theory of Elasticity,” by A. E. H. Love, Cambridge Univ. Press, 1934, 4th Ed., 
Prof. Applied Mechanies, The Univ. of Texas, Austin, Tex. =. 
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YOUNG ON STRESS CONCENTRATIONS 


small area. variety ‘of special methods have been used in the past to obtain 
@ solutions for ¢ a limited number of cases. es. The author has succeeded i in n develop- 


solutions for many useful cases. Data for ea Sr and clamped 


For a rectangular plate with simply ‘supported = and 


y= % 3 h, and with a load P > uniformly distributed over a small circular area ry 
of Tadius 4, whose center is at t= y=0, the moments under the center of 


21sin 
+1 


_ 


+4 og 2 in 


From Eq. 52, with = 


"Uber die Biegu der allseitig unterstitsten rechteckigen Platte unter Wirkuas einer 
8. Timoshenko, Der Bauingenieur, Vol. 3, 1922, p. 51; or “Theory of yom and Shells,” y 8. Tim 
shenko, ‘MeGraw-Hill Book Co., Inc., New York, N. ¥., is 1940, pp. 156-167 


— 
tonof 
gonal 
mare 
— 
— 
1505) 
imen- 
% 
— 
most 
Press, 


we 


When is 3 very large, | tanh am — 120, 0, , and Eqs. 155 reduce to a 


TABLE 3.—Piace Conrrictents Eq. 39 (note that's + u and sin 


ConcenrraTep Loap going expressions for B and C converge 
rapidly. Numerical values for. Band 


CLAMPED» ¢ for the case of a central concentrated 

) and mation are 


—1.044 |0.5204 = a similasly. loaded 


with all four edges clamped, the 4 
in direction. Values posing the moments for a simply 
wes supported plate the moments due to the 
B are based on ¢ = 1. Values for distributed edge couples of the clamped 
“are taken from author's papers plate. The solution for a clamped 


Aiea load has been given,” and from this ‘solution it may be shown that the 


corrections to be added to the place coefficients in Eqs. 155 to obtain the 
coefficients: a rectangular plate with a central concentrated load are 


and 


On n = ———, and A,, and B,, are coefficients 


values as ‘givin in the reference cited.* ie 
umerical values for the place for the clamped are also 
= NApat,* Esq. —The paper by Dean Westergaard on concentrated 
stresses in plates | loaded under transversal forces which are distributed | over 


s comparatively small areas deserves to be studied most carefully by engineers. 4 


 #*Clam Rectangular Plate with a Central Concentrated Load,” by Dana Young. . Journal of 
as Applied M nics, Vol. 6, No. 3, Ragteniber, 1939, p. A-114; also Vol. 7, No. 1, March, 1840, D. bees! 
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‘Those interested, in the practical app ications of the ‘mathematical theory - of ; 
bending of elastic Plates must welcome this concise study of the effects 


concentrated loads. Tt: is an established fact. that the foundations for the 


For example, 
tions of certain potential in ‘space or over areas, the theory of which 
z can furnish the basis for solving many plate problems. Despite these early 
< developments | (and also valuable recent advances made by engineers) | for solving — Me 
4 such problems, the practical applicability of the berding theory of elastic plates — 
* is still somewhat limited by certain facts. It is the intention of this discussion 


to point out at ats a few of these facts, some of which were revealed in dis 


. - The methods available for computing stresses i in flat | t plates loaded by con- 


= _ centrated forces belong to this ‘group of questions. It must be noted that — 
certain difficulties that are encountered when the maximum bending stresses — 
in such plates must be evaluated are not based on some inherent weaknesses of 
the Plate theory. _ Rather, they are due to the fact that engineers dealing with 
these | problems perhaps have not yet applied the special methods which are 
' = needed for solving such cases. — The contrary is the truth concerning : the afore- 
a mentioned difficulties—namely, that the theory is able to furnish the required | 
and e ntirely satisfactory me means for finding the peak va alues of the stresses in 
. URS well known that in the section in which a single transverse load is 
applied i in a beam the bending moment has a discontinuity. In the bending | 


theory of beams this discontinuity does not introduce any difficulties, and the ( 


Ga a load necessarily should be distributed over a sufficiently large contact es 
area, with the adjoining member of the construction on transmitting the load, so 


that no further “local effects” around the pressure area need to be considered 


th corresponding case of ‘eoncentrated load occurs in a plate, 


‘engineers can, should, take somewhat the same attitude toward the plate 
theory. The extreme cases of a very strong load concentration in a small area — 
; can be excluded from consideration since they also introduce practical difficulties 


in construction. As Dean Westergaard states clearly, one should 


different methods of attack. The present Sadiaailees has been confined o only ia 


4 Few instances are known to the writer in which authors who have dea dealt 
BS with similar cases have gone : to the trouble of es establishing the workable expres- 


- needed for expressing the distribution of the bending stresses i in the vi- 


concentrated in a ma 


4 the form of a solution of of Lagrange's equation (Eq. 23) for 


athematical point is in the of this point, 
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WADAT on STRESS" CONCENTRATIONS IN PLATES 
oe other important properties of the solution rarely ‘Seve been visualized or di 
ty cussed by those who make use of these developments in practical sauliention’ 
* ed The static feeling of an engineer tells him that i it should not, and does not, it 
18 matter much how a load i is actually distributed over an area, which is sufficiently _ es 
ea small (not ‘‘too small’’ when compared in its dimensions with the thickness yt 
oft the plate and not “too large’’ when compared with the ‘smallest lateral di- 
oe - om ae, mension of the } plate, measured parallel to its plane), if one wants to determine ie 
a ‘the stresses only in points of the plate, which are farther away from the loaded 
area. Practically very little or no use has been made of this good instinctive 
feeling in the mathematical applications of the plate theory. In other words, 
ie » It if it is useful and helps in the discussion of the case if the load is replaced first 


de by a ‘single force concentrated in a mathematical point. Clearly this is a tg 


“used, provided one ne confines it to its proper limite. 
Engineers probably have not been conscious the fact that finding the 
proper inte integral of Lagrange’ 8 equation: of the plate under the 


ep: In the mathematical theory’ of the distribution of potentials around given 


i g bodies or. areas, use is made of similar ideas when potential functions are intro- ae : 
duced which (1) satisfy the differential equation of the potential, (2) become 


finite in a single point in a required manner, and (3) satisfy the prescribed SS s 
_ boundary conditions along the surface of the body o or along curves in the case 
of two-dimensional problems. ‘These functions are there known ‘as “Green’ 8 
functions,’ which solve special cases of boundary conditions. The bending — 
_ theory of flat plates is is closely 1 related to the theory of logarithmic potentials. 4 a 
Be Evidently, finding the solution for a given contour line of a plate u under § given ‘3 
i: Bs _ boundary conditions and carrying a single force in an arbitrary point is identical — 
ae with this problem of finding the Green function of Lagrange’ 8 plate equation q 


AG 


the fourth order, | satisfying given boundary, conditions. The computation 


¥ of the stresses near or within the area in which a concentrated force acts in a 
a plate thus must consist first of a determination of the Green funetion corre- 
sponding to the load concentrated in the center of the loaded area. 
ie the solution for a single concentrated force in the center of the loaded Bee. 
7S area has been found or constructed by the methods which are available for — 
‘such cases the three “‘place coefficients,” B, C, and D, introduced by the author, 
can be computed readily by | comparing it with Eq. 1. It is known, however, 3 
a = “the logarithmic tube’ which expresses the bending stresses in a plate 4 
near the point of application of the load i increases: to infinity near this point, 


and e expressions based on the load concentrated in a , point fail at and near the 4 me 
_ point of application. The author is to be commended for showing clearly that ee 
in the most general case three additional functions, K, S, and T, must be a 
- constructed as defined in Eqs. 11 and 12, sh These functions a are ‘needed if the < 
bending see) are eto be onmpeiee near or within the loaded area. They n need = 


t 
A 
9 it 
q 
trated in a point is the first necessary step toward establishing the expressions 
a, D Se required for a computation of the peak stresses also near the finite loaded area, x | 
ae 4 us _ Experience has shown that the-deflections and the form of the elastic surface * 
3 
q 
3 
a 
4 
— 
4 
| 


sually found within the loaded area of the Lys it is : 
interesting to note that in a few cases in the plate literature evidently these ees: 
integrals have constructed impli licitly when the solutions w were 


4 Iti is noted that the author has made frequent use of expressions containing 


functions of the complex variable z - The theories of plane s stress 
and of the bending of plates are both based on the biharmonic « equation and rk 
closely related to the theory of functions. In plane hydrodynamics whe 
ertain patterns of potential flow are discussed the same methods are used. t. 
ee this connection perhaps the attempts of M. Bergstraesser, 3 j in his doctor's 8 
a thesis of 1928, may deserve mention. He used the methods of conformal 
for the “numerical construction of the bending moments in 


termination of Green’ the moment sum, "The results of 


4 elaborate computations, which were presented in curves plotted for the bending 


moments m, and m, and for the twisting moment mzy, should become a. 
_ more valuable today if the three place coefficients, B, C, and D, introduced by 2 


Dean Westergaard, were computed for the various cases which were discussed — pid 


> bu L. A. MacCott,* Esq.—The paper by Dean Westergaard makes a valu- 


able s contribution to the practical solution of certain problems which are of Ri 
great importance. It undoubtedly will be welcomed by all engineers who 


occasion to work with t the subject. Cun 1 
Briefly, the idea is that approximately such quantities 


To the writer the names “‘place coefficients” and “area coefficients” seem - 


to be unfortunately chosen, for an inspection of the basic formulas shows that 


a they are not coefficients in any very usual sense of the word. By Eq. 13, 


are ‘twisting moments per “unit load. “Hen H 


writer prefer some such names as “place mo moments”’ and “area moment 


dis- e . to be computed only once for a given pressure distribution and shape of the a a 
— 
— 
rds, — 
isa 
| 
the 
— 
ven 
ee 
&g 
im 
ical moderately concentrated load to an elastic plate, as sums of small numbers otf 
tion a — 
— 
me 
— 
late te ia 
bat 
“Versuche mit freiaufliegenden rechtecki Pla 
eed 4 straesser, V.D.I. Forechungearbetten, Heft 302, 1928, 
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and 25, than from the explicit for mulas, Eqs. 11 and 12. The writer doubts — BS 
that this is true under any very general conditions. Whatever simplification i 

the partial differential equations have afforded in the particular c ‘cases | con- 

eS sidered in the paper has resulted, he thinks, from the fact that those c cases are 

+ ery simp and special, and are not at all typical of the general suction, = 

Certainly, a set of explicit f formulas, to ‘Eqs. ll and 12, is is the goal 

fortunate that in the present case the fermules are so simple and so pes 7 A 


Assoc. M. Am. Soc. ( C. E., anp Earic. ‘SuTHERLAND,** 
a Esa. —T hat portion ‘of this very useful paper which deals with the action of a 
hae slab on an elastic subgrade is of particular interest to the highway engineer and = 
en it is to this particular part of the paper that this discussion will be limited, ia 
oi In his original analysis of the load-stress relations i in a concrete pavement 
Pt slab,** Dean Westergaard assumed that the load was applied to the surface 
asa. of the pavement over a uniformly loaded small circular area in the cases of — § 


_ (1) a corner loading and (2) a load applied at an interior point some Sita 


We, 


+ 


from the slab edges and over a r a uniformly loaded semicircular area for the case 


2 of a load applied at an edge at some distance from a corner. For these con-— 


ditions: of loading, formulas f for the calculation of the critical loa oad stresses: 


In the paper under discussion, the early analysis is extended to permit 


ce pa in the vicinity of the loaded area both for areas that are circular in shape and 
for areas other than circular in shape. Of the latter, the elliptical area, such 4 
as that used by Dean Westergaard i in the numerical example (Table 2), is of — 
a particular interest since it is a shape which approximates quite closely that of 
gen the area of contact of a large pneumatic tire at normal inflation and capacity load. a 
A number of years ago the Public Roads Administration began a study of 
aie ‘the structural behavior of concrete pavement slabs at the Arlington Experi-_ 
ment Farm, Virginia. A part of this investigation was an experimental study 
of the load-stress sitions 3 in pavement slabs of uniform thickness, being, in a 
; effect, a comparison of the behavior as predicted by the W estergaard theory 
Ss ‘the behavior as actually observed on pavement ‘slabs of ordinary size. 
—- our reports of this work have been published“ and the fifth (and final) report, 
Which concerns Westergaard analysis most directly, i is 


was that of the effect of the pain of the loaded area on the magnitude of the i 


_ § Prin, Engr. of Tests, Public Roads Administration, Federal Works Agency, Washington, D. C. Se 
Highway Engr. ., Public Roads Administration, Federal Works Agency, Washington, D. C. 


‘ ” “Computation of Stresses in Concrete Roads,” by H. M. Westergaard, Proceedings, Fifth » Annual ns 
S.. of the Highway Research Board, 1926; also Public Roads, Vol. 7, No. 2, April, 1926. 4%./- 
: _ #@ "The Structural Design of Concrete Pavements,” reported by L. W. Teller and Earl C. Sutherland. ; 
Description of the Investigation,” Public Roads, Vol. 16, No. 8, October, 1935. 2 
co Past 2 “? “Observ Effects of Variations in Temperature and Moisture on the Size, >, Shape and Stress < 
Resistance of Concrete Pavement Slabs,” ibid., No. 2. November, 1935. gin” 
Pare ‘Study of Concrete Pavement Cross Sections,” ibid., No. 10, December, 
an Part 4—"A Study of the Structural Action of Several Types of Transverse and Longitudinal Joint — 
Designs,” ibid., Vol. 17, Nos. 7 and 8, and October; 1936. 
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investigation and the general procedures and apparatus used. 
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ia? 


eritical stress from. @ given | wheel load. long a as it was wered ‘it has 
been the subject of considerable discussion. ne In an effort to obtain some data 
on this particular question, a limited program of load tests on areas simulating ee 
& tire contact areas was made in connection with the aforementioned general ay 
: | ae Since these tests concern one of the problems analyzed in the 
present paper, it is thought that the experimental data may be of interest. — 
tests were made on a concrete pavement of normal size and of 
Sin, uniform thickness. This pavement was laid on a stabilised subgrade 
_ formed by incorporating sand with the original rwubgrade material and com- 


Experimental Data 


ARING AR 
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even when ‘extended to the larger sizes, seems to rather well 


available tire imprints. In these comparisons the impressions of airplane tires ie 


: Boh the loading tests four bearing plates of this conventionalized shape and vy 


— 
— 
— 
y 
— 
3 applied on bearing plates cut to a shape which simulated the area of 
= = of low pressure pneumatic tires. This shape is shown in Fig. 3(a). It a al 
udy 
oy 
size. 3 
— 
thor 
— 
— 
nnual 


The loading apparatus was ‘arranged 80 as to distribute the applied load 3 


Co prong in the u upper surface of the pavement at the entiter of the bearing : area 

irs along both the major and minor axes of the area. The gage used was the 


he deflection tests on the ‘pavement slab in the manner ames by mis 
Westergaard i in one of hisearlier papers = 
Fig. 3(b) shows a a comparison between the observed stresses in the afore- 
ea) As mentioned 8-in. pavement slab and corresponding stresses computed by the 
. = described in the e paper. 7 The ‘comparison is made for both the major 
and minor axes for each of the four sizes of loaded area that were used in the 
_ experimental work. The wheel-load P = 20,000 Ib; Poisson’s ratio > 0.15; 

and the corrected combined coefficient | (B+ was used. 

in will be noted that, in general, there is a remarkable ‘agreement between 

‘jie theoretical and experimental values. The relative differences observed 

_ between the stresses along the major and minor axes of a given area are almost 
exactly those which the theory indicates should exist. a he magnitudes of 


except for the smallest bearing area where the values determined by son ce = 
ment are about 10% greater than the corresponding computed values. This * 
er affects the shape of the curves showing the relation between the size of loaded 
AME area and stress as is evident in Fig. 3(0). _ However, even with this exception ia 
e included, the observed effect of size of loaded area on stress agrees very well 
with that expressed in the theoretical treatment. 


aa Another comparison which is of interest cor 


10,000 Ib) will cause a maximum stress which is 5 times 
_ that. caused by a single tire with a load of 45, 000 Ib . ‘Thus it it is indicated that 


was applied through a single circular bearing plate — 

A with the stress when twice that load was applied through two plates 
Bs eh M, of the same size, separated by a¢ a distance comparable to the dual tire spacings : 
. ; We of large tires. Although the program ‘was quite limited and the data’ apply 3 


“Analytical Tools for Judging Results of Structural Tests of Concrete Pavements,’ by H. M. 
Public Roads, Vol. 14, No. 10, December, 1 1933. 
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example 
— hcerns the numerical examp 
ed in this exat 
bY using dua tires OF Sultan ding critical pavement stress. of Table 
increase in the correspo the computed stress (o ) 
Another interesting tire in this comparison, the feontactofone 
case of the dua r of the area of conte 
is that, for the tant value from the cente 28 7 
has a practically a of contact of the other limited series 
tire to the center the Public Roads Adminis the stress produced bya 
— Several years ago ffort was made to compare 
tests in which an effor 


if y to circular areas of contact, abate afford an n interesting ‘comp 
ith the indications of Table 2. 


interior region of a slab of uniform thickness. Seana measured in nd 
dir irection of the longitudinal axis of the pavement in the center of the loaded © 3 : 
area and at various distances from the center on a line pecpeniioniek to the 2 


3 longitudinal stress varied across the pavement sl slab as the distance from the— 
loaded area was changed. ottlens. of 

it - With this stress-variation curve as a basis, the effect of ‘two loads was — 

o- xamined by combining two such curves displaced horizontally 12 in. with 
respect to. each other as shown in Fig.  4(a) and “obtaining 


4 


‘4 
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STRESS DIAGRAM DEVELOPED 


® EFFECT OF LOAD SPACING 

4. —Srasss Conprtions Unpzr Loans; Inrzrior or Suan 2. 

values by addition. This study indicated that a load of 8,000 Ib, applied ge 
; _ through dual 8-in. diameter areas, would cause a stress 1.45 times as great as te 
“t would b be caused by 4,000 Ib applied through a single area of the same size. i 

“Fig. , 4(b) shows some additional data obtained in the same experiments by 


: tests in which strains were measured wader sa between the loaded areas. 
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ON STRESS CONCENTRATIONS 1 IN PLATES” 

It will be noted that both the combined : curve of Fig. 4(a) and the dats 
for the 11-in. spacing of Fig. 4(6) indicate that the stress between the loaded 
areas is practically equal to that within | the loaded areas. T 
rs oe a, Although the data presented i in this discussion are e quite limited in scop cope 
a eM and apply to but one part of the paper under discussion, the close agreement a 
* be between the behavior predicted by the theory and that observed during the — 
st % loading tests tends to inspire confidence in the general soundness of the the- = 


L, Hout, Esq. —Any : to analyze this" that arise in 
an aie areas sof a plate which are subjected to high concentration o' of normal loading i is 


, 


S = sented the hypothesis of the Poisson- Kirchhoft theory, which is uved in the 
‘- a derivation of the Lagrange a equation, a fourth- order partial differential 


Ow 


=VViw = 


w denotes the deflection, z and y are the ates of a 
denotes the loading function (this includes the stiffness factor N). If 
the plate bears only a concentrated load P, then the right member of Eq. 
gy ee Si zero everywhere except at the load point, where it has a singularity which is as 
tawhich — an denotes the outward normal derivative evaluated along : any path 


2 ess _ which encloses the loading point, and ds is an element of arc on this path. ‘The | 


au physical meaning of this integral is easily understood, ‘since it indicates that 
the total ‘vertical shearing forces on any closed path surrounding the load is 


-: statically equivalent to the load P. If it is found that the solution of a 
differential equation contains a singularity of such a nature that « one or more 


= the corresponding expressions are without meaning and a precise formulation of 
the Tesult i is not possible. _ This i is not a weakness of the theory but. a conse- 


ae a uniform pressure distribution over a finite area to increase indefinitely in 


7 ie Not infrequently a point load is considered as the limiting case of allowing — 


= 
a 
q 
which are supposed to be linearly distributed through the thicknessh 
— 
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— | 
|. 
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HOLL ON STRESS: CONCENTRATIONS IN PLATES 


of pressure times area remains f finite and equal 1 to the load P. . As an . example, 2 


Po vuniform over a circle of radius them, concentrated load is 


The théoty of elasticity ta is based upon the 


i and strains are limited to those which are admissible when the linear relation- 

"ship is given by Hooke’ 8 law. if the area over which a load i is distributed is 
‘decreased indefinitely, and at ‘the same time the resultant load is ‘to remain 
constant, then the basic assumption of this law is violated. This does not = 


- imply that such concepts as concentrated forces or moments find no Place in 


- theory, but rather that by introducing the fiction. . of a a point load one can 

more general results at distances removed from the zone of 
. stress concentration. Iti is known that the latter values are valid by Saint 

enant’ 8 principle. Another important use of the concept of a conce en rated 

~ Joad i is made when one knows that the principle of reciprocity ‘holds for both — 
and twisting moments as well as for deflections. _ 

4 ‘The specific contribution of of "this paper is the fact that the stresses arising ‘ 
rom the bending and wisting moments which are induced in a thin plate by : : 

L normal loads can be characterized to a fair degree of accuracy by two sets of me 

numbers called ‘ “place coefficients” and “area coefficients.” 


The latter are independent c of the former and depend only on the size and shape 


_ of the loaded area and on the distribution of load over that inalien - These area 


c 
d 


x Pp (cos2a, sin 2 2 a) di A. 
> ia which h dA is is an element of the loaded area A over which the total load Ph has a 
pressure p, and R is the distance from the element at (u, to the point 


2,y where the stress intensity is desired. The angle a is given baw 


ds tha tial 


g ‘The s area coefficient K in Eq. 160 1 may be defined i in terms of a potential prob- = 
lem. It gives the logarithmic potential at (x,y) of an | infinitely 1 long rod of - 
A over which the mass distribution i is of density. should note 
q that the quantity c in Eq. 160 can be chosen arbitrarily and is generally some _ 
representative length either of f the plate or of the area ¢ of —— and thus the 
oy of K is not an absolute number, but a relative one. ‘This coefficient also es 
satisfies the differential equations nese. 


— nner that the product _ 
al in such a ma 
itude as the area becomes infinitesim 
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Its existence is conditioned by the nature of the 4 


Pc bet more specifically by the corners and sharp angular points along the bound- | 
ay, and by line distributions. That these difficulties are recognized by the 


es author is shown by his listing of three conditions for the radially symmetric 


i ae ease (paragraph following Eq. 102), three conditions for the general case 
Py  &y 106), and three additional observations (Eqs. 107 to 116) when analytic 

a Pag functions: of complex variables are used. It is the writer's 8 opinion that a 
greater use of the mathematical tool of function theory does not make 
the problem more difficult, but rather tends to elerify 2 


The author ui uses three coefficients,” B, C, and D, which depend 


4 ees upon the load distribution. The reason for * limiting them to three such — 
coefficients is that it is assumed that one is interested in stress concentrations 8 

near small loading areas in which the deflection function can be suitably ri repre-_ 
sented by a term containing an appropriate singularity and by polynomialterms 

Be not more than the second degree. These place | coefficients must be deter- - ; 

mined by examining known solutions of plate problems under given 
Since these place coefficients arise as coefficients of polynomial 
a solutions of ys w = 0 (that is, of biharmonic polynomials which are symmetric 4 4 


tg in the coordinate pairs (z,y) and (u, »)), the number of coefficients will usually Be 


_ be greater than three. The number depends upon the edge conditions, the — “a 
ke of the plate, and the position of the load. If terms of third order are a 4 4 
required to express the deflection of the plate, the Eqs. 29 and 30 
= for the supplementary moments. These equations show the need of ten addi- f 
tional constants. In the six examples cited by the author, symmetry conditions 
a zero > value for the coefficient and, of remaining Bi 


3 


7 


of ‘lasticity i in tires dimensions, considering a all the in 


i i plate. Hence, when the loaded area is very small, “substitute coefficients,” 


S’, and T’, for K, S, and 7, respectively, are de determined i in such a way 


Ec the new coefficients define the correct stresses on the potter, surface of the - ae. 


new radius in the definitions of K, 8, and T,, the voting agree with ¥ 


the actual stresses as evaluated from the three-dimensional or thick-plate 
lees theory. ili It is the writer’s opinion that Eqs. 129 and 130 are valid when there is" 
support on the lower surface of the e plate near to the area of loading. 
raises the question as to the validity of using this equivalent radius ina plate 
a on an elastic subgrade. 2. Itw would seem rational that such an | equivalent radius < 
should be a function not. only ‘of the actual loading radius and of the plate thick- 
fs ness, but also of the stiffness of the subgrade or of the ratio of relative stiffness e abe 
of the plate to the subgrade. Until such an equivalent or substitute radius i 


found, one may accept the author's substitute for K, , although 


ig 
4 
— 
i 
| 
a 
4 
4 
4 
| 
— 
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at the wobec the loading area if it is known that the vecipresal theorem for 
- moments is valid. In view of the conditions limiting the use of these coeffi- — 


= 
y ae it appears that the designing engineer will need to have a reasonably — 


‘They writer wishes supplement this with some additional ex- ex- : 
araples. nt The first two examples are to illustrate cases where the 
contains polynomial terms far beyond the second degree 


deflection i is by = 
0654 
‘The place coefficients are and C=D=0. All the 


nomial terms of higher degree are solutions of Viw = Ons may readily 
<= the correction to the moments arising out of the supplemental terms. 


Ezample 2. Centrally Loaded Square Plate Having Two Opposite Edge 
and t the Other Edges Free—The deflection is: = | 


zy) R? log — + 0.7783 + 0.0436 als 


The place coefficients: are B 1. 0436, a. = 0, 7886, D= 0. Com- 
5 paring these coefficients with a clamped infinite | strip (Example e of the | paper, 
in which B = — 1.044, C = 0.538, and D = 0), one notes an apparent correla- 
4 tion in one case and a considerable e divergence in the other coefficients 
also may be compared. with the» values Be=— — 0.4516, C = 1, and D=0 
in ie d for a simply supported infinite > plate strip symmetrically loaded 


a single concentrated load. Iti is to be noted that, in the term log 


7 “distance a can be pate fe AE but the choice of this distance will affect — 


the value of B; the coefficient B attains its definite value after a! has been chosen ce 
In the foregoing examples, a is the width of the plate strip. 


thorough understanding of their properties batpe he can utilize them i in a bnew ne 


tan § § __ he states that the corrected values S and T may be ignored in most practical ge 8 $$(7™ 
author also gives three examples in which the combination of area 
the 4 place coefficient (B + K) is corrected to (B + K)’ whenit seems thatthe area 
tric loading is too large to be rated as small. This determination of a new value 
case 
it a 
ake 
— 
— 
and 
such 
pre- aa 2  _the square be of length a, and the origin of the coordinate axes be at the geo- a ae 
y 
ions 
| 
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— 
One ae 
dius 
— 
Lick- 


ii Centroid— the origin of a a rectangular coordinate be at the middle 
Ww an edge of the or and the z-axis directed along an altitude of the triangular ; = 
plate. Let the load be applied at im which isthe altitude, Bye 
summation process for the effects of an infinite number of alternat-— 
—ingi image loads, 8. . Woinowsky-Krieger* finds that the moments at points on 
z-axis may be expressed with sufficient accuracy by _ bila: 


toe (166) 


= 


This jdae value of B = — 1.277 and C = D = 0. If, in the term log 


- one uses the radius ¢ = = of the inscribed circle, then the expression in brackets — 


0.179 — log ) and Bis — 0.179. This indicates the change 
the place coefficient B when the length c in the term log varied. 
ee ne may compare the moments in Eq. 166 with the chromed M, ney Min 
om simply ‘supported circular plate of radius a». Qo These moments are: 
. 


Henee, ‘the stresses in the equiangular plate near the load are smaller by 


v 
than those i ina circular plate | of radius, 


a the load Pis is uniformly distributed over a circle « of radius c centered at the - 


a -contrid of the equiangular plate, then it is known“ that at the center of loading 


the moments M, = M, are greater , than M, at the boundary of the 


M, = M, = ~—— | log + 0.121 — 0.474 (169) 


a 


der ringsum frei aufliegenden gleichseitigen Dreiecksplatte,”’ by 8. 


"Die Platten,” A. Naddai (Julius Syringe. Berlin), 1925, p. 62. 


— 
— a 
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ott Timoshenko" utilises this superposition principle i in finding tl the maximum 
: _ moments under a circular | centered upon a rectangular plate which has 


nhs 


0.190 | 0.242 

«0,369 | 

0.478 


The area coefficients K, and “evaluated at the center of an area loading 
c, are K = + log - and 8 =T . Comparing Eq. with 


My = 701+») @+KH+ 
The B and C coefficients are listed in Table 4. rks ete 
the determination of these values of the coefficients Rend C 


“writer has assumed that a a value 0. was used by Professor Timoshenko it in 
q 


the center of the loading area. 

_ Application of Analytic Function Theory. —let bole) va) 
functions of the complex variable z = z Then is the con- 
q jugate variable and ¢(z) and denote the conjugate fuictions of obtained 


die Bi der unterstitzten Rechteckigen Platte unter er Wirkung einer Einzellast 
iby 8. Timoshenko, auingenieur, Vol. 3, 1922, pp. 51-54. 
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ct 
which a is the width of the plate, is th and y; and are 
4 
inge yea | - 
~ — 
; 
hy = Ad 
4 
— 
by 
— 
168) 
the Ss 7 _ and C in Table 4 are particular values of these constants for centrally placed = (7a 
an a a load, for rectangular plates with “pimeed” edges, and for a length ¢ which og z= 
169) 
— 
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- Salers ines ¢ and y are analytic, both their real and imaginary parts satisfy V= 0, a 
a solution of a thin-plate problem paving a single load ¢ 
BS: Ey 173 satisfies Eq. 157 when the right ‘member of the latter is zero (that i is, wie ‘4 
when V‘w=0). The first term of Eq. 173 is the necessary singularity which 2 r 
Spee Eq. 158. The entire expression for w in Eq. 173 is real. The functions ae x 
and y can contain no singularities and one seeks to determine them by satis- 3 
fying two boundary conditions along each arc of the boundary of the plate. 
To meet various boundary the following Teference formulas 


af 
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Ny 


+7 [e log + ve) + (2) +¢ (174) = 


- Ow pink. e+e 

be t+ log 24 - v + V@ (z) 77) 
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“part” and Im ‘means “imaginary part.” All the right members 0 of these equa- 
a Example 4. Clamped Circular Plate with Centra Point 


= 


the is clamped horizontally at = a’, then the member of 


bo + bie + + 


Inserting. Eqs. 189 in 188 for of 2, “one de- 

bb = — 


> 
086) 
4 
— 
— 
- 
75) a with = ae*. Since ¢(z) |z| = a, they may » 
— 
Eq. 190c is obtained from Eq. 173 edeflection 
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the plane of the clamped edge—that is, at r =a. 
ee oa With this value of b., Eq. 190c is the required 1 solution, and the place teflon 

Example 5. Circular Plate Centrally Loaded and Naviér Edge Conditions— _ 

This edge condition Viw=0 at 22 = a’, The right member 


= O-and = 0 for n n>1 ’ 


place are B=C = 0. The sical ma? 
imposed boundary condition is that the moment sum vanishes at r = a; that is, © 


ae This can be realized in a cireular plate by clamping the proms so that the slope 


oo at a boundary. In a polygonal plate where the edges suffer no deflection — 
_ this condition is equivalent to simply supported edges. 


Example 6 Simply Supported Circular Plate Loaded.—The edge a 


i 
ate #=a*. One may use this operator in Eq. 173 and evaluate it at the 
boundary. Symmetry | conditions ns and the the vanishing of of the deflec- 
ue 


two unknown analytic functions. The answer is not immediately given. “The 

|. simplicity of Examples 4, 5, and 6 is such that the method of this analysis s seems = | 
unnecessarily since other more direct methods are available. 
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lly, the area of the given plate. ‘This 
plate is considered to occupy a region of the complex o-prane w 


The boundary of the in the z-pl ane becomes the 
4 hers unit circle |¢| =1 in the new plane. 


Plane z=xtiy 


J 


whieh are simply supported 80 that the boundary condition is V? w = 
moment au is proportional: to and hence 


VM = 0 at all points i in the plate except at the point where the concentrated 


is located. ‘The right ‘member of Eq. 177 shows that M’' has a 


158. Some ‘examples of this method follow. _ 
Example f _ Simply Supported I nfinite Plate Strip; Point Load. -—This is 
of the 7 The simply supported infinite plate strip of width 


— 
— 
ents 
rot by which a correspondence is established between the bo 
—— es 4 oints of the edge of the plate and the point on the periphery of the unit circle 2: a 4 ae 
h re, let the transformation take the load — 
191) Inte the origin ¢ = 0 of the circle, a “ES 
— 
195) 
sing which = is the aforementioned mapping function and x is a constant 
Te 
ems 
riter 
oped tischen Platten,” by A. Nadai (Julius Springer, Berlin), 1925. 


a axis and load point: Zo shown i in Fig. 


The constant « 97 can be determined so Chas that 
Re log g sin (e — 2) — log sin gsin + Lia 
— 2,| this leads to the place coefficients’ 


in which blog p in in Eq. 202 will contin two expressions similar to o the one ae 


q 
4 


from Eq. 198. ~The physical interpretation of the result is that the moment 
a ae sum at any point in the simply supported half strip i is the combination of two | 


ie equal and eppeieny directed loads applied to an infinite Plate strip at the two 
> 


a 
@ 
— 
and B on the boundary of the infinite plate with the ; 
4 
4 
— 4 
— 
The place coefficient B is the expression encl 


STRESS CONCENTRATIONS I IN Pare 


Ezample 9. Sector of « a 1 Circle a sector of a cirele of angular 

* opening a =, in which k = = 1, simply supported along two radial ‘edges which : 


a extend indefinitely. Let 25 fo = To e#o be the point of loadin c The transfor 
maps the region of 


t= ,in which are distances from the vertex of the plate 


If the load point is on a the : axis of and = 


f nda = then ke 2, and along the of the 


Qn r ‘ 
This yields the place coefficient B = 0.0 when the fain is an infinite quadrant 
ou and the load is is at a distance ro along the bisector. 4 With M, 


Ce = 1 and D =0 0. if the log term is put in the form, log = j ees ay = =2 an 
(that is, twice its distance to the: nearest supporting edge), then B = — log va 7 
0.347. Ifk =} ‘then Eq. 205 yields: 
= _ log 2) 


palso 

uch 
— 
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strip 
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(202) 
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NS IN PLATES” 


=ireg going into the center 


pag 

“holds in the plate where and are distances from the load 


4 point and its image, respectively. In this general case the place saaticiont is 


¢ 
zample 10. Clamped Circular Plate with Point Load. circle 0 of 
=] by the transformation, 


~ 


with the load point, the No loss of generality is. 


- incurred if z, is taken at a distance c along the real axis z, the value of c ing 3 


_ the distance the load is from the center of the circular plate of radiusa. Then E. ; 
g |t| is log —,in which pi 1 and ps p2 are ‘the respective distances from any 
point of the’ plate to the load points and to its circular i image, | which is located 


on the Teal axis at a distance — from the — . Before considering the 


 emped edge, it: may rhe pointed out : that the latter logarithmic term determines — 
the place coefficient at any point in an eccentrically loaded circular plate having» 


ss In the case of a clamped edge along which the deflection ail slope vanis 


a 


rs it is known that log —— vanishes for points along the boundary. g The 
| ‘vanishing o normal to the edge i is equivalent to the vaniah- 


the complete solutio 


4- 


‘ 


— 
— 
| > = 
iim 
4 
| 
— 
— 
— 
I 
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"From Eq. 216 one may find a coefficient B. a special case, if 
“with ca = @, and @, which agrees 
. ith the result obtained from Bq. 190¢. hala special case arises if both c 
a become infinite with (a — c) remai 
. now becomes the distance that the load is from a long, clamped, 
and p: and p2 are the distances from a point z, x,y of the plate to the 
load point and its image. The angle 8 is the angle between the radii pi and ps. 
CA. P. Turner,"* M. Am. Soc. C. E- —In a a plate, supported 
its edge, the twisting shears may be clockwise or counterclockwise—as a 
matter of chance. The contours developed will be the same, but the spiral of 


is in one case and left-handed i in the 


load to "the support. Its neglect makes the mathematical plate theories un- ‘ 


‘the ring (or « circular with ‘concentric ‘circular ‘aperture).” 
is applicable to the paper under discussion. 
Scientific literature and technical discussions are encumbered with a mass a 
mathematical development, tending toward confusion instead of ‘simplifica- 
tion of the subject matter in a practical manner. This results from academic 
efforts to develop unknown properties from a hypothetical premise, -inconsis- 
tent with observed and known phenomena. The u utility of mathematical 


- theory depends \ upon whether the theory enables the engineer to form @ more 


Block in in Wi innipeg, Canada, u ‘under Garson, Hodgins a and Thompson, 
- contractors. Ten or twelve weeks after casting the first floor, the writer met | 
- the contractors at the building and was told that an accident had furnished a 

- great test of the s strength of the floor construction. The slab was 54 i in. thick, Bs 
183 ft square, and reinforced with #-in. round rods, 6 in. on centers through the 2 


middle third and 8 in. on centers for the remainder. A ‘stone cornice block et 


4 weighing approximately, three fourths of a ton had slipped meres the derrick yi 
writer was asked what damage had b been done. He 
plied that an engineer would expect the stone to be broken and shattered n n e 

‘matter how it hit the slab. If a corner had struck the slab, there rare a 
would have been a crease or i indentation of } in. where the corner struck, with | ee of 
no cracks or other sa to the slab. The astonished contractors beloved 


— 
load a 
atis 
75 
— 
— 
— 
eing —_ 
Then 
ated satisfactory im general, as stated by Sir Wiliam Thomson and P. G. Tait™ 
with reference to their own work: “Mathematicians have not hitherto succeeded 
sh,a 
concepuion OF the resistance Of materials and Of the science OF design. 
The 
nish- 
ically 
(215) 
ty}: 
Ae 
Engr, Columbus Oo 
(216) Wiliam Thomson and Ti 187 Ari 


until assured otherwi ise. The writer questions whether the ‘mathematics in 
he Westergaard paper would have assisted in predicting this result, rowel "3 
es the author’ s mathematical theory i is that of i imaginary sub substances as explained — a 
Although recognizing that resistance to elastic change in form was that of — 
_ intermolecular forces, early elasticians assumed that these forces eae 
simple i in action, 1 were too complicated for mathematical treatment; so they 
adopted the Boscovitch infinitesimal point action of imaginary 
ey Its ‘major error lies in the assumption that the internal shift of energy equals : 
we ‘the external work of the applied force, whereas the actual kinetic shift of i in- i 
: ee. ee ternal energy is 100% greater than that assumed in mathematical theory. eee. 


oS ae After a lifetime of endeavor, Prof. Karl Pearson found himself 80 | dissatis- 7 


fied with the hypothetical character of mathematical elasticity thet; in’ 


Bese 2 evaluating the work of Kelvin, he expressed the belief that Kelvin's work i in 
coordinating the temperature change under unit force with the coefficient of 


"recognition as the greatest elastician of his age. Notwithstanding this brilliant q 
achievement, Kelvin so underestimated the mechanical equivalent of the 


— change that he attributed the increased elongation, due to _ 


error r lies in the Hooke’s Latin 
“Ut tensio sic vis: That i is, The Power of any Spring. is in the same 
proportion with the tension thereof. if one power stretch or bend it one 
as the 


- in the tension side; s and Hooke’ s law of the } bien er of a spring is is a law of nature: 3 : 
i - quite different from that of axial force, which endows the specimen with a large : 
increase in strength and resistance before the radiation is complete. 
Thus, H. H. Campbell™ found that the yield point of mild steel— 39,000 lb 
Pa _«~iper sq in., under a pulling speed of 0.1 in. per min—was increased to 45,000 | 
Ib per sq in. under a high speed of testing. Such differences in the yield point 3 


& should elastic resistance be formulated if the textbook translation of 
i - Hooke's Latin does not fit the case? An axial force produces a change in 
i s volume proportional to the magnitude of the force within the natural limit of 


aey She 6 “An Elementary Treatise on the Mathematical Theory of Perfectly Elastic Solids, with a Short 
“Account of Viscous Fluids,” by William J. Tbbeteon, Macmillan and Co., London, England, and New York, 


os a “A History of the Theory of Elasticity and of the Strength of Materials, from Galilei m the Present 
‘Time, ” by Isaac Toddhunter (edited by Karl Pearson), Cambridge Univ. Press, 1886-1893, Vol. IV. 


Treatise on the Mathematical Theory of Elasticity,” by A. E. H. Love, Univ. Press, 


— 
ae that the writer must have been told previously of the details of the accident § ee 
it 
a 
— 
— 
— 
— 
— 
— 
the thin metal of a spring, the increase of temperature in the compression 
4 
4 
4 
‘ 
a 


‘elasticity Theieame teres causes the same change volume ina given metal, 
_ independent of its physical state—whether it is soft ingot, or is in a rolled or 
drawn condition—thereby coordinating the variations in Young’s ‘modulus, 
Poisson's ratio, 4, which have puzzled philosophers for generations. 
SS _ Twenty-one. independent coefficients of elasticity have been developed i in 
the mathematical ‘elasticity of hypothetical substances, as opposed. to the fact 
that there are no independent coefficients or properties in actual substances. 
are e interdependent i in ways (see discussion: on , and energy 


of it which deserves notice: not as in itself, 
and important in practical application, but as curiously illustrating one 
of the most difficult points of the general theory.’ solialos, odt 
Thi appears in the bending of a thin rectangular plate, with a thickness 150th 
me 7 at diagonally opposite corners loaded at the other 


‘should for this but. the Presented by Dean 


the days of Stahl, scholars have. entertained fantastic notio ns of 
- energy and matter, based upon figments of the mind unrelated to mechanical 
fact and observation. It took fifty years ! for the textbook writers to ) Fecognize 


transformation of ‘mechanical | energy into heat, 


4 


elementary relation of mass. Thus, the encexy of re- 
sistance is mistreated as linear energy in unsatisfactory mathematical treat- 
ments such as those presented by | current writers on the subject. 
__ In a current text,*’ conservation of momentum is treated as if elastic re- 
co were > linear energy instead of cubic, presenting t the le erroneous ter im 


a ‘fo that the intra-atomic energy of a quarter gram of matter i is equal | to that 


which the practical engineer develops in burning 5,000 tons of coal. 
a Since it took old-time scholars fifty,years to discard the German phlogistic ae 
_ hypothesis after the demonstration of the relationship of mechanical to heat — 
on energy by ‘Thompson, th the practical student wonders if present-day scholars will 4 
need more than fifty years to discard the complex, artificial, mathematical 
- elasticity of imaginary substances i in favor of the natural elasticity of actual 
su modulus coordinated by arithmetic with the atomic 
* “Natural Philosophy,” by William Thomson and P. G. Tait, 1867, Article 656, p. 505. OPS 


“Handbook of Chemistry a Physics” —Charles | D Hodgman, | Ed., Rubber 
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IN 

weight and number, strength, specific heat, the of 
om ‘The development of the exact stress mechanism of plates is a much simple a 
e Pie procedure than the development of the exact stress mechanism of simple and a 
continuous beams. This is true despite the fact that beam action seems simple 
a as treated by the common theory of flexure until it is observed that the shear p. “! 
strain | 80 computed be from to greater than the 


4 


been presented are contributions t to the subject of the paper, except the dis- te 'S 


cussion by Mr. Turner, which is irrelevant. 


Rich is right in calling attention to the fact that Bessel of 
ri eS the “ker” and “kei” type can be used instead of Hankel’s Bessel function i in 


stating the solution of the problem of a slab on elastic subgrade (Eqs. a 
and 49); and that ker and kei functions have the | advantage that information — 
= bah ys about them may be more readily available in the United States than about : 
a would not be desirable to accept the suggestion offered | by Mr. MacColl 
o substitute the names “place moments” and “area moments” for the 
Paty _ “place coefficients” and “area coefficients” that were introduced in the sie 


s 4 The latter names were chosen after careful consideration and with knowledge _ 


a s a. of the fact that it does. not pay to take the business of nomenclature 4 
The substitution of “moment” for “coefficient”? would be unfortunate because 

in the analysis 0 of the bending of plates it is already ‘mecessary to ‘deal both with 
4 moments per unit of width of section, denoted in the pap paper by the small letter m 3 
and measurable in pounds, and with moments on a section of finite 

BY ‘ yes properly denoted by the capital letter M and measurable in inch-pounds. — 

_ A very minor disagreement with Mr. MacColl applies to his statement that the 

for area coefiicients were derived in the paper are “ “very 

specia 


mo.” fis shape, are ‘at least fairly general. fn These cases seem n sufficiently general to if 


i warrant the belief that the more important further work that need be done is - 6g 


to evaluate place in more examples cath rather than area coefficients 


2 Mr. N&dai’s approval of the paper is gratifying because he was one of the - My = 
; BS a pioneers in bridging the gap between the mathematical aspects of the rina 


aes of plates and the Practical aspects which are interesting to engineers; 
- ee comments, in his discussion, on the nature of the singularities and the réle = oa 
Green’s functions are useful and enlightening. dt te 
ae” The discussion by Professor Young is especially welcome because it con- 


ie new dependable sets of place coefficients, some of which he derived g 


cS = “Elasticity, Structure and Strength of Materials,” by C. A. P. Turner, Pt. I, Minneapolis, Minn., aa 


Guta of Eng., and Gordon Prof. Gv. Eng., Harvard Univ., Cam- 
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his own previous original work on with fixed (or 
, _ clamped) edges. His discussion has the merit of attractive form, clarity, ms bs 
7 _ adherence to the rule of economy of thought. A simple analytical test of the r a oe 
dependability of Professor Young’s results may be performed by examining 
z the place coefficient B = — 1.137 that he states at the top of Table 3 for the _ 
case of a square plate with fixed (or clamped) edges, with the load at the center, — > 
_ and with the distance c chosen equal to the side / of the square. Assume 
z j tentatively that this value of B is right. tf The question is now asked, what i is A 
the diameter L of a circular plate with fixed edge, with load at the center, and — 
_ with the same stress concentration under the same load; that is, with the same Fs A, 
value of B fore = = Or, whati is the diameter L of a a circular plate equivalent Ri 


in this sense? According to Eqs. e B= —} for the 


= — 1193 + log 


1.137, assumed for the square me, is for the 
as the diameter of the equivalent circular plate . This result is within meer 


expectations. _ Professor Young’ table ‘stands this test well. 


ae Professor Holl, in which he invested a considerable amount of work. Itisa 3 
ae matter of minor criticism that Professor Holl chose to shift from the notation a 
uw, ¢, m, and A in the paper to another notation , w, M, and V’, which, although 
it aleo conforms to good standards, is not preferable, is a disadvantage to the 
z reader unless he reads the discussion only, and acts against the rule of economy 
of thought | by making it necessary to to restate a number of equations. | fs It i i 
= - subject to serious criticism that Professor Holl neglected i in a number of cases” 
oe: to state his choice of the distance c which must be chosen and stated if ae. 
place coefficient B and the area coefficient K are to attain definite meaning; 
furthermore he uses the symbol with varying meanings, 80 that, for le, 
immediately before Eq. 171 the reader will have to translate from — to — 
Without quoting any source: Professor Holl writes Eq. 164 as a formula — 


¥ 


ber the deflections of a square plate with fixed edges, side a, and the load at 

- the center. From this formula he derives the place coefficient B = — 0. 4438 

g whieh i is consistent with Eq. 164 if ¢, the choice of which he does not state, is uP 

chosen equal to a; but this result is in serious conflict with the value 
i = — 1.137 given by Professor Young, and does not stand up under the 
simple test that was shown for the latter value and le led to Eq. 219; the 
quired correction is close to —log2. The place coefficients in Professor 

Holl’s Table 4 agree fairly well with Professor s Table 3 


ussion 
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_ Professor Holl devotes a part of his discmmmmm to advocating the use of 


complex variable Z = —i y; this use has possibilities of serving 
simplify some of the analytical processes of the theory of 
discussion by Messrs an and 
expected when the structure tested is a concrete slab on a subgrade. In the 
, 
theory of elasticity, because of the simplicity of the assumed physical 
dependable results can be obtained by mathematical “means, and much of the 
work must be by mathematical means. Still the theory of elasticity is 
physical science, and physical experiments are needed. The careful and 


extensive tests. conducted Messrs. Teller a and Sutherland and t their analysis 

of the results are a significant, important, “and most w eleome contribution me 
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 HYDRAI | DESIGN OF DROP STRUCTURES 


B. T. Morris," Am. Soc. C. E., AND D.C. JOHNSON,* 
M. AM. Soc. C. E. 


CHRISTIANSEN, Water T. Witson, N. A. CHRISTENSEN AND 


GuNDER, Bors A. BAKHMBTEFF AND NicHoas -Feopororr, 
HicKox, AND B. T. Morris ‘AND D. C. Jounson. 


In the ‘stabilization f gullies, dams are used to retain. silt 


to those used in ‘irrigation In this 
rules for the proportioning of such dams i is 3 described in terms of the aero ay 
‘ _Tequirements for structure performance. __ The formulas included i in the design “a 


Yess D ESIGN PROBLE 


4 Small overflo' da ns, called drop structures, are installed ‘in a to 
establish permanent control elevations below which an eroding stream cannot a 
on lower the channel floor. These dams control the stream grade, not only at the a 
bs spill yay crest itself, but aleo through the ponded r each \ upstream from the dam. 


Thus ane structures, placed at intervals along a gully, ‘ean stabilize it by 


Although the construction of large numbers of drop 
_ stabilization of gullies in many different localities began with the operations i 

the Soil Conservation Service (SCS), 8. Department of A riculture, the 
development of designs for dams of this type started many years earlier with 


their the control of in irrigation canals. 


nd 
i= 
— 
on the accumulated experience of engineers in irrigation and soil — 
| servation wor k and on the results of a series of laboratory te 
— 
— 
ot 
wie Research Engr., C. F. Braun & Co., Alha ———————— lt 


hy 
arked similarity between po ‘that have been built in large ‘gullies i in the — 7% 
Southwest and canal drops (see Figs. land2), 


4 Records of of the design and | construction of canal drops are readily available =a 
a the literature of irrigation | engineering in the United Statés and the British — ; 
aa <r _ Engineers of the Soil Conservation Service have adapted design rules 4 a 


taken from this source to gully-control drop structures. . The design rules 


— presented i in this paper have been developed from a typical canal-drop design BS 
es through the analysis of the differences in the operating requirements of thetwo __ 


types of of drop through hydraulic laboratory tests drop 


ne Notation.—The following letter introduced in . the paper, conform 


to American Standard Letter Hydraulics, prepared by a 


= width of water surface from notch; 


4 = coefficient of apron length = (Eq. Da 


h = height; height of fall; = = height of transverse end sill or depth 


i , = depth in upstream or downstream channel; 


= length of the : apron; lores 


ern 


= critical velocity of cross s section; 


= mean velocity in upstream or downstream channel; 


= distance of longitudinal sills (Design B, 4 


purpose of drop-structure installation and the basic problem to be met 
drop-structure design are common to canal and gully applications. The 
ol a purpose i is the control of stream ‘grade; and the problem is the design of 7 
lel -——gpillway part of the structure. _In each type of drop installation the perma- 
’ j ee:  nence and the efficiency of the Ho are controlled by the performance ai 
the e energy- dissipating and scour-preventing devices installed « downstream from 
the dam proper. The efforts of the writers in the development of design rules” 
iy for drop structures have been concentrated on the spillway problem. — _ The type 
energy-dissipating and scour-preventing device by them, after 
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— 
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GULLY NTROL sy 


others, i is the rectangular : apron w with ivaneverse end sill that i is made an integral + 


part of the « dam and ‘supporting walls. (This part of an overflow dam and > 
spillway has been given several names descriptive of its effect on the flow— 
stilling pool, stilling basin, water cushion, spillway bucket, tumble bay, and 
cistern. Photographs of flow through the structure, as well as the analysis in # 
this paper under ‘‘Criteria for Satisfactory Drop-Structure Performance” will 
demonstrate the inadequacy of each of these terms taken literally. Needing a re 
term to describe the f function of this part « of the ‘structure and being unable to — 


a satisfactory the writers, on occasion, will use the term ‘ 


pe of « of drop structure, as ne oe 
design. — Descriptions of its application to irrigation canals have been | presented a: 
by E B. A. Etcheverry,* M. Am. Soe. C. “+ 
Differences between the | characteristics of flow i in irrigation anals and i in 


- sai apron or any other device which depends on the tailwater stage for ie q 
"establishment of a jump immediately below the dam. The ; 


difficult to predict and, at best, too unreliable for use i in controlling. the. nll : fs 
formance. of the structure. Although there are many “uncertainties involved i in 


; channels, the controlled rates of f flow, mild slopes, and low velocities make stage 
‘determinations i in canals 
i? make matters more difficult, in natural gullies grades at are such that streams — 
oe almost always flow near critical depth and often flow more shallowly. — Under — 4 
latter circumstance t the energy- dissipating and devices 
drop structures must be independent of tailwater stage. ~The apron and sill 
combination is well suited to this last requirement. 
The drop structure resulting from the combination o of a straight: breast wall 
ere 
- dam and a rectangular apron with end sill is shown in Fig. 3. ‘The important aes 
variables j in determining the proportions of the stilling pool are: The height of — 
~ fall, h; the length of the apron, L; the height of i end sill (or depth of the Mi 
pool), the Q, indicated by the critical depth for of the'w weir note 


oS = through the offset of the Pat from the edge of the notch as 
welll as through the lateral contraction of ‘the | flow at the crest; ‘Design B 

provid nappe ventilation | through flow eontraction alone.) Professor 

Etcheverry has presented a rational formula,' relating these variables, that may 


= aa T ‘Irrigation Practice and ineering,” by B. A. Etcheverry, Vol. III, MoGraw-Hill Book Co., Inc., _ 
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hen: 


(2 


is a its vertex ‘at the crest of the dam; and 
(2) that the falling water Strikes the apron at a constant | fraction of its lengt 


applying Eq. 2) to the determination of apron lengths i in gully 
drop design, it was believed that a smaller value of the length coefficient might a 
be used. _ Whereas, in the design of drop structures for canal s service, it might 


3 
+Freeboard 


ares 
lal 


‘Dror 
the determination of ‘the design discharge Tate, so that the 


The u use of gully- control on “agricultural land i imposes an ‘edditional 
a consideration over those taken into account in the design of the canal drop 


_ Irrigation organizations and maintenance arrangements are such that preventi 


Measures may be taken immediately wherever excess scour is noted ata drop 


$ - structure. _ This factor is taken into account in the recommendation by many 


- designers that riprap 8 stream protection be placed dow nstream from drops and = 
that this riprap be : repaired ‘and extended to suit conditions e encountered. ‘The 4 
drop design should not rely on maintenance by the farm operator for the Fo 
of the structure. In gully- control service, the drop structure will receive 


pad 


- maintenance that i is no more likely to be e regular than is its frequency of oper ra 


be an increased emphasis on the dependability of the original ‘design and fs 
0 of a drop. for gully-control service factor 


en 


cont in terms or critical depth, de: 
—  § _in which Cz, th icien 
4q apron length, is variously determined at 
— 
ble 
control service, the fact — | 
ctor of safety for th j “= = 
sil 
ia 
ing of two or more safety factors does not lead to econ — 
h 
the 
my 
a — 


|  pendability is an n economic factor fu fully as important as 5 initial cost because it 

ss Fepresents decrease i in maintenance cost and decrease in the probability of floes 

through damage, failure, and the necessity of replacement. = = 

Early Gully-Control Drop Construction. —The first drop structures built to 


sly designs prepared by the Pacific Southwest Region, SCS, had | aprons rons designed — a 


with a length coefficient Cy of 2.5 and a sill height W oft The original in- 


a ; i tent of the designer was that the operation of these structures be observed and _ 
i the design rules altered to suit observed deficiencies, if any. Some of these — 4 
‘ structures have been in place sit since 1936 and1 none have failed from stilling- pool 
inadequacy. However, 
e.g design capacity has indicated an urgent need for improved control of the flow _— 
= it leaves the structure, as evidenced by serious scouring of the banks and 
channel bottom immediately from transverse sill a the 
As more and more structures were 
ee any reasonable length of time, sufficient | data could not be obtained for the 
ec) ie” level nt of satisfactory design formulas. The improbability of the 
P a simultaneous presence of flood flows, competent observers, proper instruments, 
and access: to structures was enough to discourage e reliance on observation alone. 
It became clear, therefore, that some other means had to be used in developing ce 
oe the sound rules for design that would be necessary to the joint improvement of — Be a3 
the economy and the dependability of the drop-structure method of gully — = 
control. means ‘was recognized i n controlled in 


pitt 
Lavonaronr Tests OF EXPERIMENTAL Drop. 


The of the hydraulic design of drop structures was referred to the 


os ae aulic laboratory of the Soil Conservation Service at the California Institute Be 
. a of Technology, Pasadena, Calif., , where a series of experiments was planned for 
the development of satisfactory designs and rational design rules. lo 
first experiments dealt with a structure of typical proportions of height 
2 if of fall, width of crest, and depth of flow. - Although | it was not essential tothe __ 
interpretation of the that a scale model be used, the experimental a 
- structure was designed as a one-eighth scale model of a laterally-contracted — = 


a Critical depth for notch cross section, ay 4 
Channel width, upstream, by, i in feet 4 


width, bn + 2 4, in 


Citical depth at the notch = 2. 5; 
hee critical at the notch ~ om notch width 


4 
a 
a 
‘a 
| 
# 
A 
ratios, these drop structure prop 
a 


‘Stilling pools equivalent to the following combinations of ‘dimen- 
sions (in feet) were tested i in conjunction with this experimental Sew: 
rates from 28% to 200% of the hypothetical design capacity: GRUNT 


4 


wing). 


model that had a trapezoi mn wi 


a width corresponding to 10.0 in 1 the prototype. 

a me, he experimental drop-structure installation differed from the prototyp = 

it represented i in that it consisted of only one half of the symmetrical « drop and = as 
channel system. A sheet of heavy plate glass, placed at what would have been 
_ the center line of the complete structure, made observation possible without 


im air the similitude re uired for t this | type 
pair q ype 


Another compromise with nature made of the 


hed ad fixed b boundaries instead ‘of a movable bed. sa an installation of this kind 
; P there was no direct measure of the | scouring power | of the effluent stream. 
- Therefore, other performance criteria had to be chosen that would aid in the 


selection of the best structure proportions. 

For SATISFACTORY Drop-STRUCTURE PERFORM ance 


Second, in order that the structure may first con- 
tinuously, it must discharge the stream in such a manner that the flow will not 


_ undermine the structure itself, bor 


on These two requirements will be Tecognised by hydraulic engineers as those F; 


conservation work, the order of importance of the requirements is the reverse 
of that found in most spillway work because the reduction of erosion is the is 
» ‘original purpose for which the structure is erected. In other types of dam 
_ construction, the first rule is generally of secondary importance and there are 
even some cases in which this consideration has been neglected e entirely, 
although the writers find it difficult to conceive of an installation w ate there is 


i te somgel. 


— 

4 
pool he downst ented by 
— 
was 

— 
— 
— 
the 
sats, 
ping :. technique, solid channel walls and bottom were provided where field installe- = on 

nt of uid furnich natural erodihle materials Thus the evnerimental 
othe a 

- structure must be established terms of drop-structure 
eight First, the str tis wakes 
othe | : ucture must drop the water within its own confines and - —— 

drop ninimum of locally 
— 
and — 
by Low Dams ten National Resources Committee, Washington, D.C., 1938, p. 108. — 


of experiments, they must be redefined and in terms of the behavior of 
eA the flow through the structure. In order that this flow may conform to the a 
eo) rules for structure performance, the kinetic energy of the falling water r must — es 
; be “dissipated” through its conversion to turbulence energy i in the eddy motion — 
_of the “stilling pool” and this turbulence energy must be so distributed in the 
., flow (prior to its complete decay through conversion to heat energy by viscous 
oe forces) that it will have a minimum of sediment-transporting power and thus a — 
a minimum of scouring power. Furthermore, the flow over the ‘end sill must 
produce a movement of along the channel toward th the end sill, 


¥ 


SCOUR HOLE ENDANGERING APRON BEFORE GROWING 
GROUND ROLLER ACTION HAS BECOME SIGNIFICANT 


‘ADVANCED STAGE OF SCOUR HOLE GROWTH IN WHICH 


_ order that the flow v through a drop | structure may satisfy this second set _ a 


4 4 of rules, certain detailed requirements must be met. At the downstream end of e 
the structure the larger eddies and stronger velocity filaments of the stream 
should not be directed toward the bank. Instead, the flow in this danger zone 
& = should be made a as quiet and low in meoilies power as possible. _ The reasons for By 
= a gully bank is considered. The equilibrium of scour and deposition in the 4 
various parts of a natural gully cross section has been treated by N. AL 
i ‘aa _ So far as erosion by the stream may be concerned, such equilibrium i is often = % 


“Some Aspects of Gully Developm: 
ted to California of Tech: 


— 
— 
— 
a 
the requirement for 


0 


is equal to, or greater than, the angle of repose of the inundated material. The 1 

3 bank outline @ may! remain fixed only if sufficient material is added ‘through — me Me 

sliding: or flow down the bank to match that withdrawn by the stream. On the 

_ basis of these considerations it may be seen that the banks below the structure a 4 


will be eroded by the stream until this equilibrium can be reached. Therefore: a 
ees Every effort that can be made to reduce the lateral attacking power RRS 
the stream will reduce the extent of channel "ISM 
‘ei 1 J pine he components of high ransporting power must be kept away from 


the stream — at the exit from the stilling pool, so must they be kept away = ae 


plane extension of the natural bottom free the masonry 
the e structure (see Fig. 4) is not alwe ays stable under the e flow of the stream. 
such a surface were maintained by the equilibrium of scour and deposition of 
— the stream, the stability of any local part of the surface (say, at the downstream > te 3 
edge of the structure) would be sensitive to random | or accidental fluctuations = a 
_ in the transporting power - of the stream. Such a fluctuation would produce a aes 
_— disturbance in the bottom composed of a pit and a dune of excavated Cae 
material. ‘This disturbance in the bottom will itself give rise to 


4 
further local increase in the transporting power of the 4 stream, ‘Thus, the : 


Tequisites for are present in the phenomenon, and a hole i 


structure from caving, the designer ‘inust see to it that the hole that 
- formed does not endanger the structure. This he may do by forcing it to ene a 
ee developed f far enough downstream from the end sill of the structure that the part a ee 


ee = to the structure will be too shallow to be dangerous with normal cutoff 


“encourages separation it in the flow. 
This separation is evident in the > form of a roller” whose 
elements move downstream and whose bottom elements move upstream. 


Pye 


a Until this ground roller is formed, sediment immediately downstream from the — 
can be removed by thes stream but cannot: be replaced because he 
motion of the water and the entrained sediment is downstream. After the 
ground roller has been formed, the upstream flow adjacent to the bottom can 2 bi 
_ bring sediment from the downstream parts of the scour hole to replace that. ah a4 
"removed through the roller. From this ut understanding of the behavior of the 


scour hole in the of the structure can be deduced a rule far the 


2a 
the 
— 
oat | _ by the balance of the strength of the initial disturbance and the stability of the — 3 ta 
4 
— 
— 
tO piace tie Geepest part OF the hole eye 
iset a farther and farther downstream. The discontinuity of flow lines form — 
zones 
slr 
mat 
ths 
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GULL 
of desirable flow conditions at the end of 
flow must be such as to develop a protective ground roller before 
_ the end of the structure has been laid bare to a dangerous depth. | 
(The importance of the ‘ ‘ground r oller” to scour control has | been emphasized — — 
‘many times in the literature of spillway design.)®* = 
In order that the effluent stream shall have the minimum sediment-trans- 
porting power economically obtainable, the over-all dissipation effectiveness of _ 
ty the stilling pool should be a maximum and the excess energy in the effluent wy ‘ 
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und Kolkabwehr,” by A A. Schoklitsch, Julius Springer, Vienna, 1935, z. 
— Resources Committee, Washington, D. 1938, p. 106; “The 
of Bea Erosion,” Arthur Douglas Deane Butcher and John Atkinson, Minutes 


Below Falls.” by C. C Fecal Pop No. 
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For ea selection of the best. 
_ the following forms of the drop-structure performance criteria were used: oben. 


its qd) ‘The kinetic energy of the effluent stream, as measured by the excess of — 7 
q local velocity over the velocity for absolute minimum specific energy, | shall 
be a minimum (absolute minimum energy is obtained in flow at critical depth); _ 
Bi (2) The flow in the vicinity of the banks of the gully shall be as nearly — 
parallel to the banks as possible and shall have a minimum of eddy motion; and 
a _ (3) A large ground roller shall be produced in the flow over the end sill of the 


itt: 
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RESULTS OF THE Finst Serres or EXPERIMENTS oop 


The of experiments with drop structures of varying stilling-pool 
q design furnished considerable information i in regard .to the selection of apron — 
lengths and sill heights, and led to the development of a new device for the re- a 
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. a of more than one hundred combinations of apron length and sill height, oa 
stream discharge and tailwater depth, it will t be necessary to present only a few 
: “ of them to demonstrate the type of drop-structure performance obtained. ete: 


experimental drop structure 


a +s the “desig rate of flow” (Q = 350 cu ft per sec) with the stilling pool (L= 16 
Bey) 


a 


= 


+ ards. "Measurements of velocity, as well as observations of the general char- 
= ais acteristics of the flow, indicate that this pool was the best that was tried at — 
any of the tailwater stages shown. Although the quality of the effluent stream 
performance at any depth in the downstream channel. 
_ Measurements in the downstream channel gave maximum values of the % 
ee ie ratio | of local | velocity to critical velocity of 1.6, 1.2, and 1.1 for the conditions 4 
shown in n Figs. 5(a), 5(b), and 5(c), respectively. These maximum local 
ios locities occurred well above the stream bottom, away from the sides, and about 
ea one pool- —— downstream from the end of the structure (see velocity profiles — 
zo = bine The ground roller required for the protection of the structure from vunder- 
mining is present even before the excavation of a ) scour hole might begin. The 
end sill of t the stilling pool has performed a double task in 1 improving the en energy 
dissipation in the pool and in deflecting the departing stream ‘upward suffi- 
ciently to insure the development of a ground : roller. 


> 


_ is affected by the degree of submergence, the same stilling pool affords the best : 
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the first tests were made. with this drop 
beg part of the flow leaving the the stilling pool was directed a against the bank : 
velocity. To reduce the bank s seour ur that would accompany 


| @) Twice Normal Discharge (Q “= 700 Cu Ft per Sec) (c) Original Discharge (Q = 350 Cu Ft per Sec) wi 


Stilling Pool Lengthened 20 Ft) ‘Stilling Pool 


MENTAL Drop Srrucrurs (’ = 2 Fr) 


“To. ‘emphasize the that material has not in 
_ stilling pools of the size shown i in Fig. 5, the photographs of Fig. 7(a), which be 
+ _ indicate the performance of the same structure under a prototype flow of 700 Pe: Sire 
ew ft per sec, are shown. It is immediately | apparent that the apron is foo 
_ short for either satisfactory energy dissipation or proper development of the 
ground roller. Unless the stream bed were otherwise protected, such a flow ‘ 
would excavate a scour hole: 80 close to the end sill and so deep a as to endanger 
the stability of the structure itself. ins sili 
: ie photographs in Fig. 7(b) indicate the size of the stilling pool necessary ee 
_ to accommodate the flow of 700 cu ft per sec just described. Velocity mea- 
: 4 ‘surements have shown that the energy dissipation performance of this structure 
q corresponds exactly to that of the first structure at 350 cu ft per sec. The 
fact that both pools have the same depth may be taken as an indication that 


oe The photographs of Fig. 7(c) are ‘presented | to indicate the nature of a: 
ed in stilling pools that are wastefully long. Here the flow.of 350 cu ft per sec 
has be been in waned for 700 ¢ cu ft 


ight, 

d- ese sills may be seenin 
char- 
ream 
best 
— 
rofiles 

nder- 
— 


= excess on sail is — ‘at onc once apparent, but the section of parallel flow between 
me eh the impingement zone and the curving flow at the end sill is a direct indication _ 

the wasted length . Here again velocity measurements have shown 

performance equivalent to that shown in Fig. 5. 

Design rules based on the aforementioned doon-ctructure performance were 

os introduced in the engineering standards of the Pacific Southwest Region. 
Within a year and a half, sufficient value had been attached to tl them by ex- ¥ 
_ perience in their use, so that requests were made to the regional engineer and 
to the laboratory for data that would allow the extension of the design rules to 
_ structures of other proportions than those used in this first series of tests 


za of Fig. 5 and Fig. 7() will indicate that the experimental dota. : 


restricted to fairly narrow falls, with height-to-flow-depth ratios, > 
between 2.5 and 1.5. Buch drop were certainly typical of 


encountered in the field practice of the there were also 
of m more extreme proportions. 


be used and the possibilities t to be encountered in further testing, it it was s possible 
to plan the new test program in some detail and to design apparatus in 
* vance. New, larger experimental drops were constructed al a testing fame ‘ 
_ of larger capacity than had been available before. pee 
Sy a The new experimental drop (Fig. 8) was designed for operation at discharge — Be 
a rates from 0.5 cu ft per sec to 5.0 cu ft per sec for fall heights of 1.74 and 4q 
0.87 ft. Since the “half-model” technique was again used to facilitate examina- 
tion of the flow at the center line of the structure, the 1.5-ft width of the supply 
Es flume corresponded to an approach channel width of 3.0 ft in a complete struc- 
ture. Although the first arrangement of the experimental drop produced a 
“3 condition geometrically similar to that used in the p previous series of tests, this 
__ drop was not considered to be a model of any particular prototype structure. i 
“s To emphasize the general applicability of the test results, all measurements _ 
were expressed as dimensionless ratios aed 


we Rapidity of measurement and adjustment of the experimental variables 
; ee and ease of visual and photographic observation were given consideration in the © - 
design of the experimental drop installation. The flume i in which the new in- 


———stallation | was made is of the closed circuit type and is equipped with a remote- 4 
ee control variable-speed pump and a pair of venturi meters. With this equip- _ 
up ment the time required to change and redetermine the rate of flow through the 
experimental drop is very short. Timber and plywood construction made the ee 
alteration of the proportions of the dropitselfasimple task, $= | 
entire working section of f the experimental drop installation was placed 
high enough above the ground to p permit horizontal photography at convenient — 
a 


4 


4 
= 
> 
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— 
esign, second program Of cooperative research and design development was 


‘the window side ‘the installation were butt-joined with a transparent plastic 
cement that acted both as a water stop and as a structural “cushion” between % 
the imperfectly cut edges of the individual panes. The top edge of the glass 

- was § supported laterally by removable crossties or by removable outside braces 

depending on whether photographs were to be made fr from the side c orfrom the 

top, respectively. The vertical load capacity of the glass sheets was supple- ft 

a by means of pipe stanchions which 

photographs were to be made from 1 the side. 
x reference grid was established using hard-drawn aluminum wires that 
m papa change. The thrust of 


| 


Fie. 8.—EXPERIMENTAL Drop WITH Teun 4 AND TRravensina IN 
‘the spring anchorage was transmitted through the glass as an added safeguard aes 


A final precaution in the design of the drop installation, taken to insure 
te photography, was the of space so that’ the cameras 
might be set 10 to 15 ft away from the glass. OF 


 Point-gage depth measurements and pitot-tube measurements were 


re — 
x il 
to 
was 
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ain — 
— 
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eed and running on 
ient domestic wat pipe rails. One of these 
—  & er-supply lines in or pipe rails was co ima 
tube and n order to nnected tothe 
Pa: > manometer veloci provide pressure for flushi 


GULLY CONTROL 


Baten with a solid but movable working platform that was very convenient 
in making photographs from above the drop and channel system. a 4 
of the photographs were made with a 5-in. by 7- Yollex camera'anid 
studio-type 16 mm ‘motion-picture camera. All still photographs were de- 
: veloped and examined i in negative form before proceeding with successive stages 
4s = of the experiment. — The care taken to insure good quality in the photographic 


¥ work was thoroughly justified by the fact that most of the final conclusions of f 


‘the study were based on measurements of the flow outlines as recorded in the 


* 2g .. Sketches and velocity-distribution records were prepared only in the extent 


t that they were necessary to the interpretation of the photographic record of the __ 
. | experiments. . The decision to conduct the experiments under such a policy was - 
made because of the great contrast between the time required for the two types 
data recording and the recognized brevity of the time allowed for active 
testing. Only in this way was it possible to complete 80 wide read an 
vestigation in nine weeks of active testing. 
Selected parts o of the motion- -picture record of the experiments have b n 
combined into an educational film which has been used in the instruction « 
field technicians in the Pacific Southwest Region. This film is considered | to 
be a valuable auxiliary to the written report f the experiment. 


RESULTS OF ‘me Semmes 
ns The first aE of the second. « series of experiments wa was s the 
duplication, through experiment, by different individuals with equipment of '. 
different scale, of the results obtained in the first s series of laboratory | tes : 
Fig. 9(a@) may be compared with Fig. 5 to demonstrate this point. Yee On 4 ¥ 
a: _ When the results of the first series were discussed, no photographs were 
presented that might show : the purp purpose and result of the installation of the ¥ 
longitudinal sills on the apron. Fig. 9(6), taken from the second series, may . 
be contrasted with Fig. 5 and Fig. 9(a) to show the performance of the struc- 
ture without the 1e longitudinal sills. Since the primary evidence. of the im- 4 
ra - provement accomplished by the use of the longitudinal sills is the shifting of 


high tte of rapidly moving water and spray from the bank to the 


‘near the bank was sufficient justification for the use of longitudinal sills, it has 
been Possible to detect an sn improvement in the over-all energy dissipation 
ae effectiveness of the. stilling pool, . as well. This. improvement was noted a 
_ velocity measurements and in the decrease of the distance winnadenn to the : 
ig beginning of the hydraulic jump for a given tailwater ‘stage. ‘ 
4.) The tests of this second series covered a wide range of eniinas. from lo 
g drops with thick flows over their crests to high falls with thin sheets of water 


4 “al . Although the improvement in the flow condition 
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r the noteb), , the height r range of the devee extended from 1.0 to 16. 
shows how stilling | pools of appropriate length and depth, for falls 
0 give performance equivalent to that 


(a) Witb 


already in Fig. in that experiment, the local ve 
_ locities were present i in the flow well downstream from the structure and away Pine 


from: the banks and ‘the bed of the stream, These velocities again ranged 


he or submerged operation | with the tailwater stage a at 2d, (Ve critical velocity 


o obtain the most efficient structures, the second test program included 
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of Fig. 12(a) and the 


‘The long stilling pool of Fig. 13(b) gave (like the long pool of Fig. 7(¢)) 


perfo 

 seribed as satisfactory. Therefore, the use of long pools i is s regarded as as wasteful ; 


| Fra. 10.—Errect oF Lonart 


‘uneconomic. of a stilling pool that is of the 


-— efficient anny ‘but has been made four times as deep as the most efficient a 


— 
— | 
— 
— ‘Figs 7(a) an the direction of the flow. over the ead « the 
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= 09; CL = 286; and = 0.31 ) 


Excessively Deep 2.5; CL = 3.0; and = 1.95 
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Of gerou = 1.0; = 0.30 
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structure. The writers didn - ae thorough tests of the possibilities of 4 
is ti ‘stilling ‘pools i in which this behavior would be eliminated by i increase in 
the pool length but they believe that the improvement in energy dissipation 
that might possibly be gained in this manner would not warrant the great 
P increase in construction cost necessary to obtain 
Deveorment or Design FormuLas FRoM EXPERIMENTAL Dara 
Although the experiment programs described herein were » successful in q 


"developing efficient drop ) structures of various , the development of 


tures of any proportions required in gully-control week may be designed with 
j equal facility and dependability, it is hecessary that rational equations or rules 3 ‘ 
be written that will unite the information from individual designs into state- 7 
_ ments of general principles. From these studies it has been possible to de- 
velop, by rational methods, rules governing the length of aprons and the height 
of end sills and describing the location and of the flow-straightening 
Apron Length. —Eq. 2, which was already 1 in for the determination of 
apron length at the time the first test program was started, has a sound enough _ a 


rational basis to make it a good starting point in developing a design formula — Be E 
for the expression of the results of the experiments. The height of fall 


oe The results of the tests s shown i in n Figs. 5 and 7(a) ‘suggested the use ie Ea. 2 


with a coefficient of Cz, = 3.0. The establishment of this value of the coeffi- — 

Be a cient, together with the experimental finding that a similar equation with >. 
of CL = 2. could be used to describe the trajectory of the water 
- falling from the crest, suggests that the apron length requirement consists of a 
two parts—(a) the distance required for the falling water to reach the apron 4 
and (b) the Tength of "apron required to establish the energ 4 


». 


i the time between the two series of tests, Cr = 3.0 in Eq. 2 wi made — - 
the standard for apron length determinations. . ‘That the ‘single value of the 
coefficient used in this equation should be too great for one extreme type of 
drop structure and too small for another was not surprising. The unsatisfac- 


a 


to Vi It ssomed.1 more ‘ely that this distance should | be: ‘related | to ‘the 
thickness of the impinging sheet of water. s ~ If this sheet has an original thick- ; 
“ness proportional to d., then, neglecting the effects of friction and of mixing ng of 
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Amereasing or decreasing height. The experiments on high falls with t 
sows wereconducted first; 
“iis bs a | _ Soon it appeared that the distance between the point of impingement of 
lm 


thickness after falling a distance, h, oainaiiaea 1 to a 


thi is thickness controls the remaining igi of the apron, an equation for the 


=2.0+C 
“This ch change in the coefficient proved ‘too drastic. (see Fig. 


4 a: all of the a added length requirements of this type of fall. ‘Here the’ physical 
es - picture is different; additional length is now required before impingemen 
It is not to be expected, in the first place, that the parabolic trajectory equa- 


.. ~ tion, with its origin at the crest of the drop, should apply satisfactorily to the — 
Feat of the flow near the crest itself. The finite thickness of the flow E 


fall contributes to the support of the nappe even belere the reduction of the 
— height creates support from submergence alone (see Figs. 9(a), 12(b), and 13(a)). Bi al 
The development of an analytical expression to adjust the coefficient of a ¥ 
the apron-length equation for these effects has been too complicated a task for 
study. Instead, an empirical term has developed to express the 


. avi If this coefficient is used, the complete equation for the stilling-pool length 
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For the convenience of designers Eq. 5 has been plotted i in its dimensionless 
form in Fig. In developing Eqs. 2 to 6 it has been assumed that t the 4 
¢ 
2 
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crest constitutes a control section. If shooting flow i in the upstream channel 
Ba is not forced to jump before reaching the crest, these pool- length rules are not g s 
to the design of the structure in question. 
aoe 2. Height of Transverse End Sill. —The rules used for the determination of , 
end-sill height have completely changed during the period of the 
laboratory work on drop structures. At ‘the beginning of this period, the | a 
oe standard design of the Engineering Division of the Pacific Southwest Region 

in called for a stilling pool whose depth was: one eighth of the fall height, so that a 

is ye 


‘ate 


aie the te tests shown ir in ‘Fig. 5 and ‘Fig. 7 7(b) were re made, this rule was dis- 


Ee te in which d, i is still the critical depth at the weir notch. The weakness of the a 

ee a second rule is apparent i in Fig. 13 which has been cited as belonging g to the same 


the conclusion of the second series ofe ‘experiments the third was = 


‘This form of the sill- height rule (Eq. 7c), was not anticipated before the 4 
were completed and was , with some reluctance at first, 
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SES reasonable statement of the results of the experiments, Rather 
:. een attempt a complete analysis, the writers will state their senanption of the 
5 q fa actors that make this relationship possible. 
height of the end sill of the stilling pool n necessary to 


Ks dissipating action is apparently determined by the depth and energy content: weg 


a a Other tests conducted in the laboratory have demonstrated’ that the loss of 
kinetic energy, incident to the impingement of the nappe on the apron is a large te Ba 
bare that this loss increases rapidly with increasing fall height so as 


3 
4 


x - Such shallow flows, of course, will have greater momentum than the déeper! vis 

ones, it was desired to turn these sl shallower, swifter flows upward and over 
a the end sill in such a manner as to insure the development of the energy-dis- Rie 
4 ipating flow and the ground roller so essential to the protection of the struc- ears: ee 
t ure. — For this purpose the end sill must be proportionally higher than for the sae us my 


deeper slower currents from the impingement of lower falls. low 


| The results of the experiments would indicate that the increase in relative — 3 a 


sil height with increasing velocity and decreasing flow depth in the pool is seks , 
such that the same depth of stilling pool, or height of end sill, relative to the ie Som 

flow depth at the crest is required for all fall heights. 
4 ae ‘Location of Longitudinal Sills—Longitudinal ‘sills were introduced a: as 


t flow-straightening devices in drop-structure stilling pools for the first time dur- 
3 3 ing the first series of of experiments. ' ~The size and shape of the- sills were estab- — 
f lished during the first stages of the ‘experiments and have remained ‘unaltered — 


so far as recommended designs may be concerned. Sills, three quarters of : 
-end-sill height, are the most satisfactory. The width of f these sills sills: is  deter- 


co 


h 
by the materials used and structural considerations in general. or 
ordinary reinforced concrete construction less than 3 ft high) a G-in. 

(7a) 4 When the second series of experiments was planned, it was believed 

the operation o of the experimental drop | at many flow stages at a constant width 


would produce data from which the possibility | of other arrangements of the wet 
longitudinal sills than the third-point spacing originally used might be in- , 
vestigated. 1 The experiments failed to satisfy this prediction. The third- 

point spacing furnished the best performance from beginning to end | of the 
From this result of the tests and from observation of the effects of the 
q lateral contraction of the flow at the crest of the drop, it was concluded that ee 
the ‘spacing of the longitudinal sills, | like the lateral contraction of the nappe, ee, es 
was determined by the horizontal configuration of the eontraction alone and ae é 
qq was independent of the fall height and the flow depth. Accordingly, an auxil-— he 
iary series of experiments was conducted in which the amount of the contraction 
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of the drop was varied, whereas the fall height and the 


15(a) shows the performanes wt the drop with the sill at the third 
Point of the width of the hypothetical complete structure. The pronounced 


4 


Z, Figs. 15(b) through 15(d) show, continuously, the effect of the successive 
elimination of the causes of the contraction of the nappe. In each case the — 
— longitudinal sill has been placed in a position for maximum efficiency in flow My 4 
* _ straightening. _ In the case of parallel flow (Fig. 15(d)) this adjustment of the e 3 
longitudinal s sill has necessitated its complete removal since its ultimate loca- 
= tion would be flush with theside-wall, 
The importance of flow contraction at the drop-structure crest to the pro- 
: duction of crosscurrents over the end sill was noted by Professor apd an 


whot recommended avoiding lateral contraction where possible. Tn gully- 


the peel may be considered to be a measure of this severity. ono oid q 
q 


most economical devices that. may be used to counteract contraction effects. 


al 2 _ Although an investigation of nappe-ventilation provisions had not sheen 


ia anticipated i in either series of drop-structure tests, the provision of ventilation | 


by lateral offset or r contraction, the two flow features g governing the longitudinal: 
location, has become an inseparable part of the design problem. 
Iti is possible to describe, with ‘some confidence, the flow phenomena that 
govern the longitudinal- sill locations. As the contracted, or offset, flow passes 4 

_ from the crest of the drop to the stilling pool, the nappe fails to span the — 
width uniformly. ‘This lateral inequality becomes effective, at impingement, 


ae asa pair of lateral pressure gradients giving the flow over the end-sill ‘compo- 
n 
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nents of velocity toward the banks of the gully. The function of the longi- ‘ 
* tudinal sills is to prevent the development of such lateral components by 


separating the high-pressure s and low- ~pressure regions of the impingement zone. 
It becomes clear, from this analysis, that the longitudinal sills must be placed 
near the third points when the pressures are changing over a large part of the 
ee ert apron width and nearer to the side when the region of pressure differences is 4 


In the development of an equation for the spacing of the longitudinal sills 


me Bese: controlled’ by the notch ‘contraction and the ventilation offset, it has proved a 
more convenient to use an analogy with another flow contraction phenomenon] 


mS ‘than to attempt to follow step by step the process of producing the pressure a a 
the stream flow above the drop is contracted, it experiences a drawdown 
e. from the depth before contraction to a depth slightly less than the critical at % 
notch itself. The effect of curvature is to make this last depth depart from _ 
oe the calculated critical depth; but if this difference is neglected, the drawdown 
j de: art, tion Practice and Engineering,” by B. A. Etcheverry, Vol. Ill, McGraw-Hill Book Co., Inc. 


rk, N. Y., 1916, pp. 238, 243. = 
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be 


tto 


a can be computed from the e energy of a stream flowing at critical depth ~" Pe 


oh Bernoulli energy equation written for the section upstream. from the contraction — Ae 
and the section at the notch. 


v3, 


bn de _ dade 


equation is obtained, 


The tests devised for the of sill location: as a 
gontraction showed that no sills were required when was no 


and that increasing contraction moved the sills from their hypothetical 
flush with the walls to positions near the third of the width. a 


& 
Comparison of the experimental values of with the corresponding ¢ computed 


of ——— indicated that each hea same functional trend with 


changing values of the contraction ratio. From this observation it was con- 
_ cluded that the sill spacing, the departure of the nappe edge from the plane of Ss 
- the notch edge, and the draw down were similar measures of the c contraction of ‘2 


From the experiments shown in Fig. a ae 


q 
— 
4 
| 
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action 


sition 


+0. 90 = 


“Since ¢ cubic equations of the type of Eq. 136 do not lend them: elves to quick 


solution, a graph of Eq. 14 in its dimensionless form is used in design work 


18 
Values ot be 


— graph (Fig. 16) shows tl the relation betwee. the sill spacing a and the noteh- 


+The data on which Eq. 136 is based were determined from experimental 


though no > experiments were with walls of different sills 
ae according to Eq. 13b should improve the flow conditions for almost any : 


angle ordinarily met. iy The results of experiments with sill locations other than 


those recommended show that they s 


till enabled the ‘sills to improve flow 


. toudliag 136 gives the best sill location for drop structures that do not have an 
«offset between the edge of t the notch and the side-wall of the stilling pool. 


‘From what little information was obtained in tests it appears rs that the best a 
results ate produced if the distance between the sill and the edge of the notch, : 
is increased by an an amount equal to times the notch offset, 


as The beh belaiys of the flow not only makes the edge of the nappe depart” 


3 from the plane of the notch edge, but also distorts the cross section of the nappe 


so that the flow is thickest near | the center. The ventilation ‘offset, for the 


= 

— 

13b 

— 


ESIG? 


1. The structure must drop the water v within its confines and it 


downstream i in such | a mye as to cause a minimum of intensified erosion; q 


2. The structure must diacharge eet stream i in such a manner that flows less “4a 


ee Three specific 1 rules for rectangular structures of the type treated in ‘this — 
In order to efficient t energy-dissipating action and to avoid waste 
of material, the design | should provide an apron 1 of a length ‘derived by Eq. 6a 3 2 By 
ae ee graphical presentation of this formula see Fig. 14). Aprons shorter than 
: = this length are susceptible to undermining by scour at the end sill. _ Longer 
prone. 


not g give in scour control. The application 


of Eq. 6a should be re restricted to falls higher 4 than 1.0 because of the in- 


to ver low fai. 


have the height expressed b by Eq. Tc. sills do not give a 
complete energy dissipation as sills of the recommended height. Higher sills o if; 
‘' add d to the danger of undermining by sc scour unless they are are used w with longer 4 
aprons than would be provided by Eq. 6a. The amount of improvement in ir 
scour control, which may possibly be obtained through simultaneous increase | 
_ in depth and length of stilling pools, i is believed to be so small as not to justify ; 
a ae If the drop is laterally contracted, longitudinal sills should be installed — 


2 = on the apron ata distance z’ from each side of the weir r notch as given by = 4 


= 


= 


be 


those recommended in flow s straightening and scour 
control, but give better performance: than does the complete omission of q 


The longitudinal sills should be made three quarters of the height of th the end iz q 
sill of the stilling pool. The width of the sills is determined by the strength of 


the material used for their construction. Since Eq. 153 is empirical and is based Pe 


measurements at = 0.031, its application should be restricted to the 


catio n should be restric 


‘aan sonly. _ Therefore, they must be regarded as minimum um requirements - 
to increase on the basis of other design considerations. 
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foregoing rules and have been i 
Division | of the Pacific Southwest Region, SCS, since July, 1940. ion 


« 


INSTALLATIONS OF FrEE-OVERFALL Drop STRUCTURES» 


eg a experiments are constructed of reinforced concrete and are of substantial ie 
‘Structures similar to the one shown in Fig. 1 have been built for falls from 5 to 
30 ft in height, from 8 to 75 ft in width, and from 50 to 5,000 cu ft per sec in 
discharge rate. To all sizes of structures of this type, the design rules developed ie 
- q in this study are directly applicable. Obviously, structural and economic 
- considerations will limit the height of structures for which the free-overfall type 
4 _ of spillway is feasible; but the hydraulic principles involved in the designs given 
independent of scale for flows more than a few inches deep. ‘stat 
a ‘Smaller structures are often more economically constructed of masonry > 
bs vine local stone. _ The same rules that govern the outline of the water passag 
in the reinforced structure have been adapted to these. ‘The down 
3 : stream face of a masonry drop normally has an appreciable batter. Since these 
= _ drops are ordinarily designed to operate at low ratios of height to o depth, the 
- nappe e will not strike the face of the wall and, therefore, the starting p point of the e5 
pool length has been considered to be the crest of fall. The space taken up by 
the sloping section of the breast wall is not considered to be important in the 
¥ action of the ne - pool, except that the nappes should fall free of the face for i 


a _ Under special conditions of exposure and operation ii it is desirable to con- 


struct rectangular drop structures of logs or of timber. Here | again, the rules" 
developed for “the reinforced -conerete structure govern, the hydraalic 


aa The writers do not expect that the limitations in the applicability of Eq. 6a + aa 


a x to low falls will be encountered often in n gully-control ¢ drop design, b because of the ‘ de 
_ possibility of the use of other types of structures in place of the free-overfall 


tion rectangular stilling-pool type they | have | discussed. 


principles used in the rules for the design of drop 
) 
structures for gully control are sufficiently general for application to many ee 


used in insuring energy ‘dissipation and in protecting the structure from 
3 and those commonly used in the design of spillways for 1 major 
engineering structures. Although structural and economic considerations 
a _Tequire departure from the rectangular construction discussed herein, the flow 


i is converted to turbulence in the pool and that the flow over the end sill produces 
are reverse ground roller that protects the end of the structure. 
the other end of the scale” of spillway structures used in hydraulic 
engineering are temporary “ ‘checks”’ constructed of various types of inexpensive 


such as boards, loose rock, brush. im of ine 
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the application of some of the ideas presented may help in 
= oe identification and elimination of some of the characteristic weaknesses of this 


type of construction. Already experience has pointed out several types 

~ failure: Undermining due to scour downstream, undermining due to percolation, a 

f “Bp lateral by-passing, and structural disintegration brought about by hydrostatic — 
ay The first of these causes of check-dam failures has been 2 analyzed in this 7 
of the rectangular drop structure and it would appear that the thoughtful 


= ay application of the design rules presented in this paper should prevent failures — # 


Seay. from rom this « cause alone. The other three causes of failure may | be regarded — 

“expressions of rules limiting the use of -_cheaply-erected checks: of various 


writers have presented hydraulic design rules and now in use 
toy _ by the Pacific Southwest Region, SCS, U. 8. Department of Agriculture, and 


elopme: 


Re have described the experimental and analytical development of these rules at me 


the laboratory of the Cooperative Research Project of the Soil Conservation _ 


0 he analyses presented in the development of design rules for drop struc- =a 


Lave, 


; 


tures may be as statements of progress in a long- rm investigation 


yet 


realize that many problems remain to be studied, and hope t that this paper will . 


to indicate some of them. ‘Conspicuous a among items considered for future 

=: _ study are: (a) The importance of lateral contraction ae | divergence of the flow 4 

end sill; (c) energy dimipation at the end sill; (d) of ‘eddy- production 

in the lateral separation zone at the banks below the end wall of the structure; pe % 


a. and (e) development of methods for reducing the scouring power of the eddy aa a 


pe The operations of the Soil Conservation Service in the Pacific Southwest a 
Region a are directed by Harry E. Reddick, Assoc. M. Am. Soc. C. E., Regional Be 

Conservator. Engineering activities in the Region are by J.G. 

Ee Bamesberger, Regional Engineer. The research work of the laboratory is under ie ~ 
the direction of Robert T. Knapp, -M. Am. Soc. C. E. , for the California 

a Institute of Technology, and Vito A. Vanoni, Assoc. M. Am. Soe. C. E. , for the 

Ph: re ee? Prior to o August, 1938, the work of the laboratory in this particular field was 

; * directed by Mr. Christensen, to whom the writers are much in debt for the — 

information developed in the first series of experiments. Tn the second — 
series, the writers were assisted by Wilson B. Jones, Jun. Am. Soc. C. E., who wy 


ne — and collected the of cries. a 
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"very ‘commendable job in rules for | the of drop | structures. 
it is especially gratifying to find that the rules have been founded on the oe 
E: basic fundamentals of flow rather than upon purely visual inspection, = a 
However, there are several factors involved in the study that the 
have not ‘chosen to discuss but which deserve some attention. The first of 
these i is the use of a half section of the structure instead of the whole. The — 
center wall interferes with the lateral movement of eddies, and therefore a 
- better alinement of flows probably results in the model tested than in : ae 
corresponding prototype. Is it justifiable to dismiss this factor? 
There i is also a question of whether a model study involving a large amount oe 
a of entrained air yields comparable results. The authors have varied dimen-— 
sions to find the best combination in their model, based upon the flow char- 
F perk, of a combined a air and water mixture. Is it not possible that the 
mixture will be quite different in the prototype and consequently have some-— 
what different flow characteristics? 
% There remains the question of the influence. of the surrounding air pressure — 
_ on the flow through the structure and its effect on the model comparison. — 7 
is so much trouble to run tests at less than atmospheric pressure that it is not _ 
i, surprising that strict similarity of forces is usually ignored. However, the ie i 
+ shape and size of the ground roller will depend on the ce mane air pressure. 


tion of whether the violation of similarity here is not of s some ne importance, 
_ L. Sranpisa 18 Am. Soc. C. —The research work reported by 


both for the way in which the experiments were made and for the | manner in ~ Se 
q which the results have been presented. The existing knowledge of the proper 
x length of the basin below the drop has been cece have so mit 
isp now possible under a wide range of conditions. 
|. Se ‘One of the most important features, i in the , writer’s 8 op ae was the de 
" “a _ velopment of the longitudinal sill, which has proved very effective in eliminat- _ 
ing bank scour below drops. It is remarkable that so simple a device can be 
effective in solving a troublesome problem. Twenty drop structures 
‘under the writer’s direction have operated very satisfactorily and | show n 
4 signs of bank erosion. Some of mae under flood 
described elsewhere.® 


YE 


authors have suggested several names descriptive of these structures 
and have adopted ‘the term “stilling basin.” ” The terms “roller basin” or — 


“tumble bay” would be more descriptive. of the action of the water in passing 2 
- through the basin. _ The action greatly resembles that occurring in a jump 
at the toe of adam where the basinistooshallow.™ 


‘Mt Associate Prof., Civ.. Eng., Stanford ‘Univ., Stanford University, Calif. Professor Hedberg died 
Hydr. Engr., East Bay Municipal Utility. Dist., Oakland, Calif Wott 1% pach: 
“Drop Structures for Erosion Control,” by L. Standish Hall, Civil Engineering, May, 1942, p. 247. 


“Study of Stilling-Basin by C. Transactions, An. Soc. E., ‘Vol. 
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oe thin phase of the problem that may be of interest. At the end of the 1941. 
‘runoff season, the silt grade was determined above several of the erosion- 
iy control dams on the San Pablo Creek (California) watershed, where an appreci- 
able deposit had occurred. The ponds are only partly full at the present time - a 
- (March, 1942), and the grade which the silt deposits finally will take after the ‘ 
ponds are eventually filled with detritus is of importance in determining the 
a i? 4 effective capacity of the structures. Sufficient observations have not been 
i= es made to arrive at any definite conclusions, but it appears that the grade taken 3 


‘TABLE 1—Sur on 


size of rock fragments is poverned in 


(a) West Swe, ‘Sax ‘Reservorr part by the type of souk formation 


ii to vary | between 1.3% ‘and 2.3%, q 
104 133 whereas on the larger areas it 


Sux Panto Resenvorn from 0.25% to 1%. . The results from 


— that sand and gravel pass over the 


_ appears to be a pronounced tend- 
| 1.2%  ency to scour the central part of 

the stream bed between the longi- 
San Paso Ry tudinal sills. On one or two struc- 


ve a tures, under the writer’ 8 observation, 


the placing of riprap « or paving in 
this location is indicated as desirable 


Estimated 2 storm runoff, in cubic feet per seo- f 
j ond. Material graded from G inches down. Ma- years. 


terial graded from fine silt to 1.25-in. maximum. _ This bed erosion on 
Private dam above crossroads; material would pass 
channels having a steep profile. 


a No. 10 screen. ne 

many cases the natural longitudinal 


to 5%. Calculation that ‘the “velocity in the channel below | the 4 


7 


1,210 


hes 


etructure i is slightly above the critical. Under these circumstances, the “ground 
i 1 roller” would be greatly reduced i in ‘size from that observed in the laboratory _ 
model, in which the exit channel was on a relatively flat grade. This problem 
= of bed erosion below the drop would arise on structures for gully control, and 


would not be of importance generally where the ‘Structure was us used asa drop =a 
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an canal to the controlled ates of flow, flatter 


E. Curisriansen,'® Assoc. } 
ratory studies are confined to large important works, possible : savings 
a single | structure would pay the costs involved. — ee he fact that appreciable ; 


4 : ie Morris and Johnson is apparently the first record of a laboratory dy 


canals that ordinarily receive little engineering consideration. npecially 
‘significant i in this field is the e large n number of small structures. = Since they are _ 
_ individually i inexpensive, they are seldom designed carefully . Often they are 

not designed at all—just built according to the ideas of the construction fore-_ 

; ; man. That such structures could be greatly improved is clearly evident from 
ae field inspections. -One might make many improvements by applying sound 
- Po engineering practice, but still more improvements might result from laborator 


: 
ha Among the most common structures i in irrigation systems in California are 
a 


generally lower and therefore may have higher ratios of d./h. They differ 
in that they have adjustable crests controlled by flashboards, 
a Typical check gates are those used by the Consolidated Irrigation District 
near Fresno, Calif. These structures are Tepresentative of those wrod | in dis 


4 signed about 1925 by I. H. 
Teilman, M. Am. Soc. C. 
chief engineer of the Dis- 4 # 
trict, they have been only 
ing in slightly 1 modified since then, 
3 have “proved entirely — 


satisfactory, 


of these check gates; 
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4 Trrig. and Drainage En ional Salinity Laboratory, 8. Dept. of Aszioulture, Riverside 
(formerly Asst. "Celle Univ. AC 
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7ATES USED BY CONSOLIDATED IRRIGATION 
(Sen Fig. 17) - 
| ce | @ lowlew 
ratory — ‘ views appear in Figs. 18 and 19. The former is a relatively small Se z. 
with single opening. Although it has been in use for some time, there is 
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Transverse Sill 
pant, 


hale 


Conter Pier 


areD Innraation 


the ‘total height 2 above the 16 ft. There are e eigh 


openings, with a total width between the side-walls of 64 ft, 8 in. The 


wing at right angle to center line of structure; 
(2) Crest a short distance downstream from upper cutoff and wing walls 


J 


(4) Walkway over crest to flashboards; and 

Be 5 the transverse sill was placed from 1 to 2 ft upstream from the 


lower cutoff wall, but more recently to the end of the structure, 


‘thereby i increasing t the length « of the apron. 
ne in heights (top of walk to top ) of apron) padi 3 ft to 20 ft, and in widths iol 


the widths 4 in. Tess than an even number of feet 80 that flashboards can 


| 


Fio. 18, Gare As Usep tN SMALL 7 Fr; 7 Fr 8 
ty 


cut from even-dimensioned lumber without waste. _ For widths between 7 ft 8 


a center suppor ting pier ris used, and | the flashboards span both | 


openings. For greater. widths, two or more intermediate } piers are used, and 
ones are provided with flas 


ae of side-walls) from 3 ft, 8 in., to more than 60 ft. Standard practice is to make — 


fd > ha d Shortly ater the struct 
— 
— 
—— — 
_=i 
— 


aa District is to standardize the principal dimensions and sa eolapuite forms 
made up in panels that can be bolted together. In height, these standard = 


= of the total height above the « apron. - ‘Under ‘special conditions, certain 
ins a Longitudinal sills are not used and would possibly offer no advantage, since be = 
lateral contraction is eliminated largely by placing the crest a short distance. 
downstream from the upper wing walls. There i is no provision for ventilating a ¥ 
i ther nappe. . Where the drop i is not great, the crest is often submerged, especially 4 
a ee: at high flows. i Under these conditions wave action downstream issevere. The 
be _ downstream wing walls are made longer than the upstream wing walls to give 
“a ‘maximum protection against bank erosion downstream. Additional bank pro- 


Bes = es compare the apron length and the height of the transverse sill with the a 


be, authors’ recommendations as stated in Eqs. 6a and 7c, the critical depths, d., pe 

== were e computed from the design capacities furnished by | Mr. Teilman. _ This — 
= allows a a freeboard of 1 ft or. more under maximum flow conditions. During 
d . normal operation there will be one or more 6-in. flashboards in place. An | 
e Pi oy additional comparison, therefore, is made on the assumption that the height of a 


om fall, h, is 1 to 2 ft more than indicated in Fig. 17. Table 3 gives the results of Se 


obvious reasons. The 3-ft, ‘Aft, and possibly the 5-ft structures can scarcely 


Big 3 be classed as drop structures. Although Eqs. 5 and 6a were developed to give ee : 

ae x additional length for conditions of low fall and deep ) flow, obviously these equa- 2 q 
a tions should be restricted to ratios’ of h/d, that do not exceed 1.0, as mentioned == 

by the authors in their summary of design rules. A relation of the same form — 

ae a as Eq. 4 might be applicable over a wider range of values | of d./h & a 


the computations for these comparisons. — The 3- ft structure was omitted — 


of this equation would give a length of 4.6 and 4.7 ft, for 


8 assumed values of d. and h for the 4-ft structure as compared with 7.3 and 4. 3 = 
= a ft (Table 3). Eq. 16) gives almost the same values of Cz as Eq. 5 for values of 
“oan d./h between 0.4 and 0. 0.9, and le lower values of C; L , outside of this rang, ag 
ae ae Although the authors recommend shorter aprons, experience indicates that 
the aprons are better then shorter ones formerly 


ES pr of intermediate piers, so that all flashboards = J 
= 
; 
4 
— 


ia. 19.—LarGE Gare Suortiy AFTER 38. Pr; Wipts, 64 Fr In: 
TABLE 3.- —CoMPARISON OF Apron LENGTH AND HEIGHT OF TRANSVERSE 
ous Sin, wits AurHors’ RECOMMENDATIONS ubute odd 


aL 


(max.) (min.) | 


o 


SoS 


3 


computed from design flows, and minimum values of A 
h (assuming fiashboard in place). = 


“the of water is greater, and the velocities lower, than the 


tests. W ould this depth influence the desirable length of the apron? 
_ Although any extension of the total length of the structure would increase ite 
q mr the placement of the upstream cutoff wall a short distance upstream from 
the crest gives greater stability and additional insurance against undermining. 


This would seem to be a particular advantage in gully-control structures i in the 


15 
tsof 

oned (Eq. 5) | (Eq. 6a) | ( r 
form 
sight 
(16a) 
and 
rthe 

id 4.3 
3 that West, where durin he 10D er 
ay trom the walls. A sudden flow in the dry channel may result in water 


| 

ad ran passing beneath the structure before the soil can become wetted and swell tight * 


during this period. Had the research described in this paper been 


cs available at that time, great savings would have resulted not only from — vil q q 


-inforced concrete and masonry erosion-control structures came to the writer's 4 


the economy of rational design, but also from reduction o of losses from 
Although the authors stressed the fact that thie recognized that hydraulic a 
%; limits are re only part of the problem, iti is relevant to mention & a few of the others. a Be: 
The 
width of fill, and reasonable freeboard. ‘The floor of the structure must be 3 
enough to prevent overturning or ‘ “floating” of the ‘structure from the 
ydrostatic head of the impounded water retained by 
| Lateral scour seems to have been given too little attention. | Toe walls _ 
. downstream wing walls or retaining walls have failed from the erosion of part : 
of the ) fill or of the | original gully banks by the water discharging from the * 
4 ‘structure and forming a vortex. Attempts to control this lateral scour have oo 
a :.. included pervious pile wing dams. radiating out from the sides of the structure | 
‘Th he study of seepage past the structure may | be included logically under the 
subject of hydraulics. ‘The dimensions of the cutoff walls and other | parts of 
_ the structure must be considered in the light of Darcy’s law relating the static ‘= 
4 head to the path of flow or the length of seep orcreep lines, = 
In the upper ‘Mississippi region it was found that under many conditions 
mt the economical type of gully drop structure was either a drop inlet or a flume. = 
Drop inlets, consisting of a box culvert with riser, have many advantages over a 


the openacteh type of structure. One of the advantages i is the provision 


ant 


writer that the most effective energy dissipater is fairly 
2 “deep stilling pool. He has seen many structures with a | horizontal floor that . a FA 

= ae either too high or too low relative to the gully |! floor. In one case the floor s 


might be e silted full, eliminating the effectiveness of an acrobatic outlet as an 


2 dissipater. In the other case the floor might be left hanging, with . S 


properly designed flume with the lower end carried enough below the 
a ieee has many advantages. _ An adequate stilling pool forms naturally. — 
Variations in the elevation and gradient of the gully bottom from ‘season to 4 


ae season can be accommodated. The flume, consisting of a hypotenuse i in con- 9 


Asst. Hydrologic Engr., Weather Bureau, Washington, D.C. 
4 “Erosion Control Structures—Drop Inlets and Spillwaye,” Research Bulletin No. 122, Univ. of 
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: 
A. Assoc. M M . Am. § Soc. C, E, 
Esq a.—The _exceedingly large number of structures needed in 


4 number which have been overbuilt in order to insure oa “The value of this 


- research has already b been demonstrated; but, if another wave of f conservation 


. ‘and reclamation s sweeps the United States after’ World ar II, these resear 


The “half model” technique his in these experiments deserves further 


‘It permits accurate observation of conditions at the center line of the - 


: 
‘The objections which might be are; yr 


4 ‘wie (1) Extraneous friction forces : are introduced by the glass ‘water and. 
(2) The turbulent action normally found at the center of the | stream ream is 

eliminated by the rigid glass plate se serving as boundary. 


The two advantages enumerated are obvious and need no further discus- 
ca The following remarks will be confined to the disadvantages mentioned. 
Tl he friction forces introduced by the glass plate are a source of error, but 
in every model study of this kind friction forces are always ¢ a source of error 
because Froude’ number is used as a criterion for similarity. With thisnum- 
_ bera asa criterion, one is assured of the proportionality of the gravity and inertia wise 
forces in the | prototype and model. The friction. forces, on the other hand, a are 
- entirely neglected and considered insignificant as far as results are concerned. 
The smaller the model, the more serious is the error introduced by this assump-— 
tion. It is quite likely that the i increase » in scale made possible by the “half 
model” technique more than compensates for the extra friction force introduced _ 
by the: presence of the glass plate at the center line, tt 
order to appraise the importance of the second dbjection to the “half 
model” technique, attention is called to natural channels in which drop struc- 
tures have been erected. From a study of these natural ree it is obvious. 
that the excessive scour which sometimes | occurs just. bel ni the structure i is 
caused by lateral currents of the stream itself and not zh the haphazard i ae 
turbulence which is present in most streams. If normal stream turbulence 


_ were the cause of the excessive scour, it would not be localized just downstream 


: from the drop ‘structure but would occur equally along the entire reach of the S 
stream. These lateral currents and excessive scour are invariably associated — 


__ 18 Dean of Eng., and Chairman Eng. Div., Experiment Station, Colorado State College of Agriculture — ae x 
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_ CHRISTENSEN AND GUNDER ON GULLY CONTROL 


| 
the pressure gradients within the body of 
water which cause continuous currents having lateral velocity components. - 

a In most drop structures, a vertical plane of sy mmetry exists, which include 

the center line of the structure. . Not only i is the structure itself symmetrical 


“mean will be essentially unchanged. it is true that the turbulent 
components will be reduced, but these components play only a secondary 


in the excessive erosion ‘sometimes takes place just downstream f from the 
for the “half model” technique would seem 
symmetry about the center line of the structure; 
Kinematic and dynamic symmetry of the mean flow; and 


Whenever | these three conditions do ‘not obtain, ‘the “half model” technique 


ce In the ps paper, an inference was made that gully-control structures designed 
E tt according to the principles set forth would require very little maintenance. 
_ For a series of drop structures to be permanently and completely saectestd, 
e each structure must not only be soundly designed, but the reaches between — 
ae the structures must also be completely stable. _ The question of what isa 
a stable grade for the gully must first be answered before the height and spacin 
of the various drops can be determined. . The importance of an accurate Geter 
mination of a stable grade under the varying flow conditions of the gully : 
9 should be emphasized as part of the over-all problem of gully control by means nd 
oe of structures. This problem is further complicated by the fact that the flow ( 
conditions of gullies may change rather rapidly due to various 


The writers would like to request elaboration of certain parts of the paper. a 
(8 The statement made beginning n nine lines from Eq. To—"The height of the 
end sill of the stilling pool necessary to develop energy-dissipating action = J 
apparently determined by the depth energy content of the flow in fhe 
Shy ‘pool’ ‘—seems | to be somewhat inconsistent with Eq. 7c. This formula would — Ny 
a i call for the same sill height regardless of the height of drop. The height of i 
drop, on the other hand, has much to do with the energy content of the flow aS 
— the | pool. ‘Eq. 7c seems to indicate that the height | of the sill is determined s 
oy by d, alone, which in turn is a direct measure of quantity of Sow. As far as 
7c is concerned, the question of energy does not enter. ant 
nea __ The last sentence of the third design rule. (see heading “Summary of Design — 
Rules and Formulas”) seems to be somewhat inconsistent with the material 
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hat a appears to be a rational wtteske, the final equation is or 09 completely 
- empirical, especially so in that it contains a purely empirical term. | Further, — 


- relatively small. It can be seen at once that this ee, d. 


Bas: = is ae This is just what was found by the authors. 
es A slightly different attack on this problem will now be given. — if the ‘depth fs 


d. i is included in the calculation of the location of the point of impingement of 
the jet on the floor, and the other assumptions are as given in the paper, it is 
7 found that the horizontal distance z from the crest to the middle of the im- 
 ——_ sheet isz = Vd, (2h + d.). The thickness of the falling sheet under 
the: same conditions i is give en by the continuity equation as ip Se 


in which is the angle between the vertical and | 
laments. 
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om 
4 Ca coefficient of Vh dei in 19 to tthe: Cre of the author’ 


Paper. Using 2C = 3. 5, the values of were computed and are compared 
4- —VALUES or C’; COMPARED WITH in Fig. 14 (see Table 4). These 


tion mm of of about 5% from 

doubtful value=‘ = 1.2). Since 


cap is accomplished without the 
inclusion of a purely empirical a 
= Be ae It should be noted that the foregoing results were obtained with just one em-— i 
pirical constant. Perhaps even better results could be obtained by adjusting 
The writers do not wis wish to claim t that this is a rigorous rational derivation 
: of the expression for apron length L, but it is felt that it may be helpful in a 
further study of the problem of the design of of gully-control st structures, which the 
authors have so admirably attacked. toad Keidt to 

 Borts A. Bakumererr,” Am. -Soc. C C. E., anp V. Fropororr,” 


.—The paper per presents ‘an interesting to proportion structural 
os an ms design by basing the dimensioning on data derived from detailed observations — a 
a ‘ er. of the physical al aspects of of the fic flow. Iti is evident from Fig. 6 that the dimensions: = 
of the stilling pool are principally | conditioned by the horizontal distance from — bY: 


ieee se _ the wall at which the falling live vein strikes the apron, and implicitly by the a ; 

= oy angle at which such striking | is effected. The latter seems in particular to E 
q aay a determine the direction followed by the rebounding vein, and thus the length of 

sy? ‘the downstream channel required for the flow to assume more or less seauia x: 

ss Tt stands to reason that economy in construction, as well as more favorable 3 
" outflow, would be secured if the falling vein were caused to strike the apron close 
to the wall and thus at a larger angle. This could be achieved by resorting to. a 
the so-called “adherent” type of ‘nappes, which would f follow the surface of the 
Pee: 8 aa wall and which would strike the floor at the very toe of the structure. The 

=. 4 general disadvantage of such nappes, of course, is their instability. In fact, ree 
“a + ae when the brink of the fall has a sharp wedge, as in Figs. 3 and 6, the nappe, x 
ee except for extremely low heads, will tend to detach itself f from the wall, changing — 
The situation can be remedied, however, by properly rounding the exit 


£4 


om ie wedge. .. Indeed, observations show that, if the brink of the fall is ~~ by 

Prof., Civ. Eng., Columbia Univ, New York, N.Y. 


or C; EstimaTep In Fic. 14 _ results show a maximum varia- 
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BAKHMETEFF AND FEODOROFF ON. GULLY CON'BRO 


small seems to serve ve the purpose in securing 
vertical falling nappe, and that at comparatively high rates of flow. The 
_ tion is illustrated by Fig. 20, which depicts flow profiles obtained i in the Fluid — a 
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apparatus used i in the experimenting has been well described elsewhere. 
‘Fig. 20(a) the wedge is rounded to a radius r = 1 in., whereas, i in Fig. 
r= 3hin. . In both figures the solid lines show the downstream surface ce 
in ine undisturbed outflow. The broken lines demonstrate the eventual effect Be 


aes “Energy Loss at the Base of a ~~ oper y ik by Walter L. Moore; see discussion by Boris A 
Bakhmeteff and N. V. Feodoroff in this volume of Transactions, 
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HICKOX ON,GULLY CONTROL 


are reflected in the parametric values of the critical depth d., and the last two 
present the dimensionless ratios and Ie being the height of the 


fall. Obviously, the foregoing the forms. No exhaustive 
studies were made to establish the exact relationship at which the adherent a 
nappe changes its form. _ In both instances, however, the profiles as plotted | 4 

were close to the safe limit, as further i increases in the flow brought: about signs 


its Fro. 21. or Fiow wes wits 4 Two-lnca 
characteristic feature is the comparatively small effect 
he % companying vertically dropping ve veins, especially in the presence of a sill. <j Also, 


ai in the latter case, the outflow into the downstream channel was relatively calm, 4 
ae except in t n the it instance of ig= 1 ate cu ft per sec per ft of wie | in Te 200) 


i for large dams have been published, but the results have not been 
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4 
ression is that, isive than with de e underpressures dee 
1 is more decisiv y Fig. 21. The underpr 
poet | partly illustrated by Fig. 21. The und 4 
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— ON GULLY CONTROL 
esigner of small RENE oe the costs of which are not sufficient to support | 

independent model studies, and the authors are to be commended on its 

resentation, and on the studies that preceded it. howe 
It is believed that a word of caution is necessary, however, with respect eh 
to the general applicability of the results. — The writer does not share with the 


“The principles used in developing ‘the rules for the: design at rec- 


? tangular drop structures for gully control are sufficiently general for e: 
_ application to many problems. There is no great difference between the _ 
- methods that have been used in insuring energy dissipation and in pro- Re 
2 tecting the structure from undermining and those commonly in the 
design of spillways for ‘major engineering structures.’ 

ie casual reading of the foregoing statements might lead the reader to assume . ‘ ts 
that the > criteria developed it in the paper were directly applicable to spillways 

r ‘major: engineering structures, s, although it is quite probable that the authors 


a 


differences is contained in ‘the statement of the authors (see 
“Development of Design Formulas from Experimental Data: 2. Height of 

2 ee * * that the loss of kinetic energy incident to the impingement of 

- the nappe on the apron is a large quantity and that this loss increases ie 

_ rapidly with increasing fall height so as to offset, to an appreciable extent 
but not completely, the increased energy of the ‘higher 
This may be true for the type | of structure tested, in which the water falls Ret 


- directly on a horizontal apron, but it is not generally true for major - structures. ee 
y ‘There, an effort is usually ‘made t to prevent this type of energy loss because “i 
ae the tremendous impact forces that would ‘exist immediately at the toe of the o- 
. structure. Instead of haar on a horizontal floor, the flow i is usually turned — 


3 having a radius, depending on the depth of flow, of from (35 ft to. 100 ft. 
gradual change of involves less loss of energy and means that a 
: greater amount must be dissipated in the stilling basin. _ This difference is 


not on the side of safety, 
_ The second important difference i is in the assumption made w with respect 
4 tailwater elevations. — _ The tests apparently were made on the assumption — 


_ that flow below the structure would occur at relatively high velocities and small 


wwe 


depths. _ Thus, the ground roller below the end sill was always formed under ae 


ing similar conditions. Dams on large rivers are usually relatively low, and the 
_ elevation of tailwater becomes an important factor. % _ In many cases, tailwater f 
for maximum discharge may be above the “spillway crest. This is true ai at 
~ Dams Nos. D1, D2, and D3, Table 5, and at two other main dams on the — : 
_ Tennessee River, and doubtless in many other instances. - When the tailwater ze 


is sufficiently “high above the s spillwa: crest, | the type ‘of flow “changes and 
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The criterion for the length of structure is based on the assumption ‘that 


discharge. falls freely from the crest to the apron. is not true for 
TABLE 5.—Comparison or Dam Dimensions wits Eqs. 6a AND 7c 


| 
0 i lways on gravity dams because the ‘Tequirements of stability place : 
the toe of the dam downstream from the normal trajectory of the overfalling | is 
sheet. Asa result, the distance L from crest to end sill is necessarily increased. g Y 
Table 5 is a comparison of values of L and h’ as calculated | from Eqs. ¢ 6a and 7c * 
and as adopted on the basis of model tests for a number of dams built by the a 
_ Tennessee Valley Authority. These dams were all built with horizontal aprons — 

and plain end sills, and provide typical examples of both low-head and h high- 
ha dams to which a general relationship, might be expected to apply. ‘The a 
lack of satisfactory agreement isevident. pao 

Another factor of importance it in many | spillway ‘designs i is the formation of 


ee of the upstream face of the end sill has an important bearing on te pro- 
duction of waves as well as on the formation of the ground roller. — On none 
ie of the dams listed in Table 5 is the upstream face of the end sill vertical. | Until — 
—_= more experiments have been made under a wide range of conditions,  —- 
special investigations should be made for all major 
Ric - The writer is puzzled by criterion (1), which states (see heading “Criteria q 


of over the absolute minimum specific energy, 
hall be a ‘minimum. 


able dissipation of energy a short distance below rend as illustrated 
_ by Fig. 6. sift the purpose of the structure is the prevention of erosion, is not eS 
bottom’ velocity the end to be desired? 4 
a ‘Tt is noted that extensive use was made 
The of for thi 


ilwater to the apron on the river bed, con- 
—— bi instead of plunging beneath the tailwater to the apron on the river b Sete 
tinues near the surface for a time. The conditions for energy dissipation 
— 
| 
— 
is a minimum at that point. It would also seem necessary to specify the 
— 


comparatively little progress in n its. use as a laboratory eS his been reported 
- ‘The authors are to be commended for their use of this versatile tool bd. Deis 
; Am. Soc. C. E.—The interest that so many hydraulic engineers and labora~ 
tory specialists h have shown in in discussing a paper on the hydraulics of a common — 
a erosion-control structure has repaid the writers many times over for their 
: in bringing their work to publication. That the late Professor Hedberg _— 
__ should have found strength during | his last illness to prepare tl the first discussion ved 
: was a tribute that they shall not soon forget. x Hf 
: _ For the sake of clarity, the writers have organized their ce eb y subject 
cp 
waye—The importance of 
trajectory of the overflow to the os requirement was recognized and 


overfall crest to a clinging nappe shorter 
apron; but clinging nappes indicate underpressure at the overfall crest. — The 
writers would be quite apprehensive of the safety of any design in which under- 
5 pressures, however small in the model, are important to the stability of the 
- flow. . That pressures below atmospheric must exist in the flow of Fig. 20 and i. 
a Fig. 21 will be obvious to any one who seeks to locate the force producing the ; - 
change in horizontal momentum—from a large quantity to zero. Perhaps 
a very small structures might have sufficiently rounded crests to form stable 
- clinging nappes, but structures with overflow depths of 3 ft to 5 ft would re- 


an n area a equal to the stream cross section. Moreover, these v 
- would not be evenly distributed. Variations in velocity and imperfections — 
= of crest profile may produce areas with negative pressure approaching or 

. reaching the limit of barometric head less the ‘vapor pressure of water ond. 
* entrained air. Under such circumstances clinging flow would be unstable. 

Dean Christensen and Professor Gunder have emphasized the uselessness 


q. 6a when = is less than 1. The writers agree that the graph of Eq. 
in Fi ig. 14 should be a broken line beyon d CA 1. 0 or that the diagram shoul 
be restricted to less. than 1,0. The overflow is supported 


. less than 1.0 even wind the tailwater depth is Pred than critical i in the down- 
stream channel. Because ase Eq. 6a is empirical in so far as it applies to supported — ay 
nappes, it should not be used beyond the range of the —— ante on 


# Research Engr., C. F. Braun & Co., Alhambra, formerly Associate oo Pasa- 
Sacramento, Calif.; formerly Asst. Regional ., SCS, Berkeley, Calif 
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determined by Kq. 6a is occupied by the freely falling nappe. Where such a 
y place a 4 - nappe does not exist, apron-length rules based on free fall cannot be used. ia : ee 
falling 4 @ 
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that the flow conditions o on drop-structure- aprons from 
the free trajectory intersection are seody related to those on the aprons of — 
‘Mr. Hall has pointed out, directly and reference to the valuable 
ion esnilitions on the drop-structure and those in basins too shallow 
eS _ for hydraulic jump operation. In recent ; months, the senior writer and James 
Rostron, Jun. Am. Soc. C. E., have conducted experiments like those of 
Mr. ‘Stanley, although with sluice entrance rather than chute entrance. By 
_ means of these experiments they have isolated a shock-wave system of flow 3 
like the hydraulic jump but belonging peculiarly to channels with cross 
«gills of height greater than 0.5 d.. This phenomenon they have named the es 
“forced shock-wave.”’ Although their investigation is too extended to report 4 
. ao herein, it may be stated that apron lengths and sill heights may be chosen 80 a 
a _ as to attach the forced shock-wave flow system to any high-velocity stream. — ek a 
abs _ The writers believe that forced shock waves are produced at many struc- : 
o; tures. The close agreement (Table 3) between the values of h’ given for Mr. a 


je 
wy 


na ‘Teilman’s check | gates by Mr . Christiansen and those ¢ given by Eq. 7c is evi- a 
dence that these structures employ the forced shock-wave flow. 
Downstream from the Structure.—The manner ‘in which the flow over 
“ me the | end sill produces a ground roller and a scour hole adjacent to the toe of y 
the structure is discussed in the paper. Dean Christensen and Professor 
Gunder have added an excellent statement of the: relative significance of large- 


al scale eddy n motion and the kind of turbulence that is characteristic of normal 


a 
3 


bie 


4 Bem of the entire system of structures i ina gully i is based before any individual drop . 
s out can be designed. Mr. Hall has presented some data to offset the almost com- = 


(plete lack of factual information on which to base t the estimation of the hypo- 


woe 


= om Mr. Wilson states that. “Lateral scour seems to have been given too little 
ee attention.” Perhaps the writers did not make themselves clear. Even with " 


properly proportioned stilling pools and longitudinal sills for the control of 


i cross flow, lateral scour is the most important unsolved problem. The writers Ks 
certainly have no ready-made answer. The senior writer has recorded else- 
4 where” his conception of the mechanics of lateral scour. Fig. 22, taken 
that paper, shows scour at a model of a a drop | structure « designed according t to fee a 
Hall reports scour of the central part of the stream bed between 
Jongitudinal sills. This is contrary to the writers’ experience and may be 
> ‘the conditions he describes. Central scour should be far less = 
a: dangerous than lateral scour unless the structure has been installed with too ‘a 


i 
a 
é 
— 
5 

= 
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velocity. — 8 ok 6(a) and 11 show such flow for various heights of drop. 
te ‘ From time to time during the life of a structure, its apron may be covere 
a * with silt and debris, particularly if the stable grade has been chosen con- 
524 servatively. As the structure is self-cleaning, this condition i is not dangerous 


r 


Fie. 22.—Scoun at a Mops, Drop Sraucrure 
Reference Grid Spaces Are 0.2 Ft by 0.5 Ft) 


On the other hand, if the steepness of the stable grade has been overestimated, i 
4 the apron will remain above the channel and the structure will discharge with 
‘second 1 free fall. Although ‘the structure m may st survive a short period of 
operation at this condition, the channel may suffer rapid enlargement. _ Perhaps > als 


a Mr. Wilson had this situation in mind when he urged deep stilling poole, _ ‘The oe 


ogee ttention, as well, to the fact that the structure ma PR eee _— 
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vet) 
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are aware of a ing practice of deep stilling-pool construction 


in which from 1 to 3 or even deeper. Although they are 


convinced of the necessity for ‘deep ‘settings and conservatively estimated 
4 stable grades, they have satisfied themselves by experiment and practice that 
deep pools (that is, high transverse sills) are not necessary. = 
Other Considerations—Mr. Wilson lists several other factors affecting the 

apron. length in addition to those presented by the writers. Not J 


ab must these factors always be taken into account, but also, for high dams 


4 than that ¢ given by Eq. 6a. : Only: when much of the stability o of the sere 


ed him to favor that type of fall over the drop structure. The writers eon 
. used flumes i ina few instances but only with recognition of two weaknesses of x 
“a the flume as a drop jnstallation. For one thing, the flume i is ; essentially an “! 
ees cy energy conserving device. For another, it is susceptible to heavy damage from — 
2 minor foundation shifts. The rectangular drop structure, particularly when 
built of reinforced con nerete or framed timbers, is a eaisson-like unit that can 
_- withstand undermining, tilting, and settling without structural disintegration. 
: ao Design Criteria.—Dean Christensen and Professor Gunder present an — 


8 Eq. 2. Eq. 198 should fit the data of Figs. 6 and 


as well as 4 or Eq. 6a for 7, less “less than 0. 8, not surprising. How 


writers doubt that 19 is is even as good as Eq. 6a veen = 0. 


0. 10. In that Tegion, and at lower falls, there i is m no freely ‘falling nappe. 
lives there may be a depression of the surface such as to direct the principal 
iS current toward the bottom, but neither Eq. 19, Eq. 4, nor the first two terms of 
oe Eq. 6a can describe the flow, for each of these is based on the trajectory of 
free fall. The third term of Eq. 6a was ; introduced to correct the e relationship 
for the supporting effect of the underlying water over a small range of fall — 
7 heights on which this effect produced only a a small part. of the segues length, bs 
is substantiated by experiment for as great as 10 and 


case of altered flow would be the submergence of control. This be 
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remains ual or Tess | 1. to, or less than, 2.0, cont trol 
zig 


show that Eq. 7c implies a unique between the sill 

the ‘depth on the apron, and kinetic energy of flow such that 

oe ‘The n new studies by the : senior writer and Mr. Rostron indicate that We ae =0. 5 de 

is the criterion for stability of the forced shock ets below overfalls. | Unless 

this wave is formed, the f flow leaves the > apron over the end sill without sige . 

nificant energy dissipation downstream from the free trajectory intersection. _ 

on _ Mr. Hickox discusses the effect of steepness of the upstream face of 

ay sill on the violence of motion downstream from it. In so doing, he reveals ae 

the most essential difference between the stilling pools for low dams— with 

downstream channels and those for drop structures. Where the tail- 
water stage can be relied upon to stabilise a hydraulic jump over the spillway © ia 

apron, the function of the end sill is only to invert the velocity profile. and — re 


i 


a -& violent motion attending to it are necessary. In the drop-structure stilling 

pool the ‘shock wave acts at and immediately upstream from the end sill. 
Violent ‘motion is “characteristic; but , as Mr. Hickox 
xg motion is to be compared with that in the normal regime of the particular - 


Christensen, wre originated the method in connection with these | studies,’ he 


_ presented a statement of its value and limitations that the writers will not 


The Second question has to do with air entrainment. Knowledge | of the 
controlling factors of air entrainment is so meager that positive description of a % 
_ air entrainment relationships in model and prototype is not now possible. | In iS 
general, the writers subscribe to the analysis” of air entrainment proposed by 

their former adviser and colleague, Professor Knapp. ry They have relied on 
relatively large-scale experiments to minimize the of air entrain- 


ment behavior betw een and Prototype. paints of the 


‘The writers would expect difficulties from the effect of bulking on the density 
ey of the falling water ‘Telative | to that in the pool to occur first. Such difficulties _ ae é 
a would become apparent in reduced capacity of a given apron length. _ However, Awe “a 
such difficulties remain hypothetical. No trouble has yet been reported from Be 


“Entrainment in Flowing Water: A Symposium”; see discussion by t. in this 
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4 the highest among drop built by Pacific Southwest 


= 
$CS—a six-year-old structure with h = 25 ft aad >= 


a pene The third question r raised by Professor Hedberg has to do with the eflect 4 
lz the net absolute pressure on the stability of flow in the model and the a 
‘tag “t prototype. Had their structure incorporated a curved surface or a plane a 
‘surface with adverse pressure gradients i s in zone of low total pressure, the 
_ writers: might have worried over this element of similitude for the reasons set + 
- forth in their discussion of the clinging overfall. They believe that the regions 7 
of flow separation in the vicinity of t the end si sill are 80 located it in reference 
at = corner of the sill as to be stable with respect to changes in the character of 


| 


the fluid passing them. Unstable flow occurred only where the apron was aS 
critically short. No structure installed in the field has shown the anomalous 
performance necessary to confirm doubt of the writers’ assumptions. ‘ow 
‘Mr. Hickox questions the value ¢ of criterion (1), which was used to compare 


a the laboratory drop structures. The critical velocity was chosen as a reference 5 : 
fd base to give appropriate scale to local velocity measurements while still pro- a 3 
ducing a dimensionless description of the magnitude ¢ of eccentricities in the 
velocity distribution. The writers did not make use of bottom velocity mea-— 
surements because such quantities would apply only to specific localities in the 
artificial downstream channel. Instead they chose a criterion through which 
_ the maximum local velocity was taken to be a measure of the intensity of eddy $s F ¥ 


os 


3% 


motion and the availability of energy for further eddy production. The 


my measurement of bottom velocity, or, preferably, velocity gradient, is usefulin _ 


channels of uniform roughness where such measurements can be corre- 


_ ployed in these studies have been communicated to Hugh Stevens Bell of the 
_ §CS Laboratory staff at the California Institute of Technology. Mr. Bell, who a : 
_ is responsible for photographic control and procedures at the laboratory, ad 


i vised and assisted the writers in many ways during the investigations. mT. ee 

‘tint; 


a dated with shear intensity and turbulence. However, as Dean Christensen and 
ae > an Professor Gunder have so neatly pointed out, localized scour is related more q 
to large-scale’ and locally intensified turbulence or eddy motion than 
4 is to the turbulence that is characteristic of channel flow. 

Hickox’ kind remarks in regard to the photographic procedure 
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different sources. f For instance, flood and drainage damage caused by : stream 
channel aggradation 2 appears to be. =n a bed-load oe involving th 


= basin may be due to different types of sediment, possibly coming from 


- constitutes the greater portion of the load. Because different types of damage 
are caused in different proportions by the two classes of sediment, it is 
_ important in sediment-load investigations that, not only the total load of the 

stream be determined, but also the relative proportions of fine and coarse 

‘material. These are the subjects discussed in the paper. — 


With the dissolved matter, the total solids load passing 
., oe cross section in a stream may be classified either as bed- material 


the two classes (3) Aig ‘The bed-material load, or r “bed load” for brevity, ‘is 4 : 
that part of the total solids composed of the relatively coarse material (coarser a 2 
- than the | division grain size), and ‘it moves by rolling or sliding along the bed, : 
ot by long j jumps between points of contact with the bed while in temporary _ 
- suspension, at a rate related to the stream discharge. The wash load, except a 
Asst. Mesh. Eng, of California, Berkeley, Calif.; formerly, Hydr. Engr., SC8, 
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i ire da for a negligible percentage, moves in suspension at a rate that bears no direct 
5 te relation to discharge and is composed of the relatively fin fine material (finer iF 
ee the dividing grain size). oF The wash load constitutes much the greater part of | > 


_ the material in a suspended- load sample taken at flood stage, and may be 


st: The} particular g grain | size that divides the sediment load into these two ais 
varies in different streams and, generally, throughout the length of a particular = 
_ ‘stream, although it has a definite value i ina particular reach of a stream. For 

- ‘ qual, the dividing grain size in the Colorado River near Imperial Dam is 


01 mm (fine silt) (10), whereas in the Enoree River near Greenville, 
the size is 0.351 mm (medium sand) (3). The dividing grain size can be 4 
_ determined from mechanical analysis curves of ‘samples taken from the ian 
oa diately after a flood, and is the fi existing in appreciable 
ae ed immediate ya ter a flood, and is the nest. grain size existing in appreciable sl 


in “composition over a long period of years, if at all, and the quantity 
= } moved is mainly in response to discharge. The quantity of wash material — 

(fine material), however, may vary greatly from year to year and from season» 
@ to season, because of the changing conditions of supply that are independent — a 
Py of conditions of flow. The most important variables of these completely inter- 
‘related conditions of supply are vegetal cover, tillage methods, ‘Stage of soil 


‘made a at the Soil Conservation (SCS) sediment- load 


near Greenville (2) have shown the relative magnitudes of the two 
of sediment load in a representative ‘Piedmont stream. Of the total 
sediment load passing the station in the Enoree River « during its two years of 
Beer 2ohay more than 90% was found to consist of wash material 


this ratio between the annual ‘amounts of the two. classes of sedi- 


Bie ae es The bed material (coarse material) i in a stream system ordinarily changes 3 


s the United States and Europe. _ Based upon this theory, the total suspended 


= load transported i in a vertical section can be estimated from a deter- ; 


since material finer dian this size appears to be uniformly distributed through- 
on ; the section in most streams, and a single accurate sample taken at any 
point in the stream gives to entire cross 


j 3 
- 
— = 
q : 
| 
4 
a 
@ 
— 4 
the Enoree Kiver, it probably represents fairly we e general order of mag- a 
— = eis. ‘4 nitude for streams of this size in the humid sections of the United States where = is 
amount of wash mi imited. 
Vertical Distribute tion of 
- 
—— suspended sediment in a turbulent stream of water has been established asa  § 
| 
at a single point in the vertical, and the hydraulic characteristics of the stream. 
_Inactual practice, however, the procedure is more simple because it is necessary 
— 


of observations over a wide range between coarse load 


ioe relationship to the discharge, : and i in the past | continuous aieaied has So 
n to estimate the volume of fine material ins a stream 


method of wide applicability, ‘except frequent has been 
bea estimating or computing, with even approximate reliability, the total sus-— 

4 pended load carried by any small stream. It is true that on some large rivers 
an approximate relationship (1) has been developed between discharge a and Me 
suspended load—presumably including both fine and coarse ‘material—and, 


See: hin, estimates of total sediment transportation have been made. How- 


“longer period. of time usually have resulted i in an increased scattering of data 
Zz (9). The discussion to follow is concerned primarily with the transportation — 
Ca the fine material in small streams in humid climates and gives a general de- 
. =e of some of the sources and factors controlling the supply of material. 


 Beurese naira Sediment. —The load of fine material i in & stream appears to in 


ers may come from the stream bed, _ where it was deposited i in pools rend 
_ low stage, or where it became trapped between larger bed particles, and was 
released when the bed ‘material move during a In 


cuts, ditches, gullies, and caving stream banks. amount ‘of 
material that may enter a stream | from sources a particular storm 


and surface and storage, a as well upon rainfall intensity and 
; one: _In any drainage system, however, certain of these factors may be 
considered constant, whereas others have a seasonal variation. 


runoff 


Results of Past Studies. —Numerous investigations of soil loss and 
q from relatively small agricultural plots give general information on the prin- 


irect Sampling it is possible to compute the total load of 
ended matter in ’ eposits j= 
than ial—material of sizes found in appreciable quantity in bed d 
y 
d n be made from this — 
wer e. ished relationship, and from a record of the discharge, 
For _ established rela D, 
— 
carried during a few days out of the yea 
rial may vary many 100% within the period of an hour 
ntity content of wash mate d 
terial 
ident | 
2 two ears when condi 
over only one or two y ‘ 
ars of | 
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atfor — 
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value The high initial sediment concentration appears to be 
_ the direct result of rain impact. However, rain packing and adhesion from 
 . wetting and the swelling of colloids, as the rainfall continues, as well as the 
oe variation of soil porosity with depth, appear to be the main factors tending to a 
‘ reduce concentration. The variation of the infiltration capacity with duration ie 
.. of rainfall also has been observed to follow a law similar to cone of sediment _ 


Erosion Principles.- —Erosion by rain impact and 


- more specifically to the land surface and the exposed side slopes of road cuts y = 


a ditches, and gullies, but once water is concentrated in relatively large, well- a, 


defined channels, the principles of stream erosion more nearly apply. Stream 
erosion probably i is closely related to discharge, because, as a rule, the greater ee 


the discharge, the greater will be the velocity, and hence the capacity to dislodge _ a 
4 bk, and transport particles. In any event, however, and despite the complicated 4 


- _ mechanics by which material is placed in suspension and transported | to the 
ay : Ke outlet of the ordinary small plot, the concentration of fine material appears, — 

; £9 in general, tc vary with the surface runoff. The same reasoning should apply © .. a 

to a natural stream; although, obviously, the problem is more complicated, . 

a because rainfall distribution and areas of sediment production, , which are in a + 

- ee sense a system of small plots, vary considerably in their characteristics 


Hydrographs and Distribution Graphs.—It has been observed generally that, 


following a rainfall during which surface runoff occurs, the discharge of this 5 c 
‘Surface runoff into stream channels ‘simultaneously over drainage basin 
results in pronounced rises in stream 
+The concentrations of | suspended matter in also have been observed to 
ise and decline ina similar manner (Fig. 1), 
_ it The plotted graph of stream flow, showing the rises and declines of runoff, 
‘ 
has been used by many investigators as a basis for studying the phenomenon of 
oe surface runoff. L. K. Sherman, M. Am. Soe. C. E. (8), conceived the idea 
‘pie that, for a particular drainage area, the surface runoff from rainfall occurring ci 
within the same time interval will produce hydrographs, the ordinates of which 
‘eg as 3.38 will vary with the amount of the surface runoff. Mr. Sherman has given the 
ge poe “om term “unit graph’’ to the hydrograph « of surface runoff that results from rai 

oe “a falling within a unit. -of time, as a day o or an hour. * If the unit hydrograph « 0 i 


; surface runoff is modified to show the proportional: relations of its ordinates i in a 


tribution graph. ‘The unit- hy ‘method is based upon the 
aA that in a particular drainage basin surface runoff from rainfall ccourring in 3 s 
unit of time will produce hydrographs of approximately equal bases, a and t th ef 
ordinates will vary with the intensity of the net rainfall. rere 
_ From the consideration, as suggested by plot studies, that surface at 
4 and senpended-matter concentration to be related t to th the same factors, 


ciples underlying tl own, 
——— in general, that the sediment concentration in runoff water from a plot usually oe F 
—ti @ maximum within a very short time, and then decreases as the 
y 
— 
— 
2 
4 
i 
= 
— 


of pas SCS sediment-load studies to deter 
_ mine if any such relationship actually existed in a natural stream. ‘Data from th 


4 the East Fork of Deep River, near High Point, were used for this study, and xa 


of Lead 


_ matter concentration for all isolated stream r rises itv was found that ae was a 
“distribution graph” of concentration analogous to the distribution graph — 
= in analyzing stream flow as | discussed previously | herein, a that od ar 


"The data used i in this study were obtained on th East Fork of Deep River 
during an extensive suspended- matter sampling | p ogram 1 conducted by the aN 
United States Geological Survey in cooperation with the SCS and the North 
Carolina Agricultural Experiment Station. Collection of water samples for — es 
the determination of sediment concentration was made once a day during ~ 
periods of low water, and at more frequent intervals during periods of storm 
- runoff. Fig. 1 illustrates a typical example of a stream rise, and shows the 
usual frequency of sampling considered necessary to obtain sufficient informa-— 
tion for the determination - variations in content of suspended matter. Ls Other 
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ive 
on the movement suspended matter in a 
= stream in the Piedmont. The concentration of suspended matter, as recorded — 
=e ae. and used in the following analysis, includes both fine > and ¢ coarse material. A a 
few mechanical analyses of samples taken at flood stages, however, showed 
, that the amount of coarse material in suspension was insignificant as compared — 
2m to the fine material that comprised most of the wash load, and could be dis- 
oe regarded in studies where the movement of fine material was of —, 5 
a should be noted here that, if the movement of the coarse material i Sw 
= r primary importance, careful sampling and special equipment are necessary to a 
aie ie obtain an accurate estimate of the total load of coarse material. This was _ 
evident in the Enoree River studies, where it was found that the coarse material - 
@ suspension may be an appreciable percentage of the total load of coarse — 
material, even though it is small in comparison with the of fine material. 
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2.—RELati0 ATION ‘Berween DISCHARGE AND THE Trae Tuat 


Fig. the variation of concentration during a typical 
rise, and and shows ws the general conditions under which  suspended- -matter content 
_ increases very rapidly from the beginning of the rise until about the peak stage. Pe 
_ The maximum content either occurs somewhat in advance of, or coincides — 
Beis the maximum discharge of the stream, depending upon the stream ne 
Sy charge (Fig. 2). The intervening period of time, between the occurrence of y 
_ the peak concentration and the occurrence at the peak discharge, is termed _ 


from three standard and three recording gages located in and about the 13.9- 
5 

— 


isa “ a less rapid rate than the increase during the rising stage. In general, the : 
recession curve of concentration has a long “tail,” as evidenced by the muddy 
appearance of a stream for a considerable time after discharge has returned to 
: 4 approximately normal flow. As the discharge and suspended-matter concen- 
ef tration continue > to decrease, a point i is ‘reached where th the e sediment lo load d becomes 
- negligible in comparison with that transported during the rise. In a small 
stream this condition usually occurs only a relatively few hours after the crest ~ 
has passed. This is illustrated by the | load graph i in Fig. 1 » which shows that 
? only a negligible load was transported after 3:00 a.m. on April 3, 1936. oe 
Be A distribution graph is calculated as follows: For a particular stream rise 
g in which | a sufficient number of water samples have been taken to define the io 
ve variation in concentration throughout the rise, curves of -suspended- -matter 
be concentration, discharge, and suspended load are plotted on a single diagram 
: as in Fig. 1. To segregate the concentration due wholly to the rise in question, & 
a horizontal base line is drawn at an 0 ordinate, which appears, by inspection, a 
_ to be the value of the concentration prior to the rise. Af (The use of a recession : 
curve, as in stream-flow studies, adds little to the accuracy of the results.) 
_ ‘Having separated the base concentration from { the observed \ values, the unit 
- graph of concentration is represented by the ordinates between the base line 
and the actual graph of concentration. The time base of the concentration A 
2 _ graph is considered arbitrarily to extend from the beginning of rise (8:30 p.m., 


‘Fig. 1) to the time when the concentration has receded to the point beyond 
the load can be considered negligible (3:00 a.m., Fig. 1). The base of 
2 the unit graph i is divided arbitrarily into time intervals, and the the average ae 


anc 


< centration for each interval is then determined. These values are totaled a 
the percentage of the total occurring during each of the periods is aus arg 
‘Time intervals of 30 min and 1 hr were found suitable for representing accu- 
; i the: shape | of the e graphs for rises occurring in the East Fork of Deep River ee) 
_ Distribution graphs were prepared for all the isolated rises that occurred in * 
“the East Fork of Deep River during the four years of record from April, 1934, _ 
tod une, 1938. After reducing these various graphs to ) aC constant time interval, — 
it was found that the shape of the graphs appeared to bea function of the period ts 
_ of stream rise, and somewhat of the intensity of the rainfall. The period of | 
_ rise in this case is ‘defined | as s the time intervening between the beginning of 
surface runoff and the occurrence of the peak discharge. | ‘Fig. 3 shows the dis- 
_ tribution graphs for ten storms in which the period of rise was 2 hrorless. 
These various graphs were prepared from rises that occurred during all 
seasons of the: year, and, ‘consequently, represent various conditions of land use, 
soil-moisture, and rainfall characteristics. Rises with the 
4 highest runoff and soil loss generally occurred during April and Septembe 
bs ES In September the losses a appeared to be the result of torrential : rains, , whereas in 
a - April a high initial soil-moisture content was the most important factor. Two 
: -— Fises o¢ occurred during J uly as & result of high-ir intensity 1 rains, but the runoff and 


subsequent er erosion were not as severe as for April and September, probably 
because of the fe and porous condition of the soil, but also 
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the total rainfall was and the were 
‘The average distribution graph of the superimposed graphs in Fig. 3 is — 
tabla and plotted in Fig. 4, together with the average distribution graphs 
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ON THE East Fork or River, Wuice THe Periop or Stream Rise Was 2 He on Less 


H 


for other periods of rise, the percentages in all cases being expressed for a time a 
= interval of 1 hr. — ‘The graph for a period of rise of 2 hr or less is characteristic 
of high-intensity rains of short duration, when rain impact probably is respon- — ‘ 
i 3 sible for placing most of the sediment into suspension. The graphs for the Z 
a longer periods of rise are characteristic | of of long duration, low-intensity ra rains, 
‘a rain impact probably is of secondary | importance i in ‘plaaing sediment in 
Rises resulting from uniformly distributed should be used, where 
possible, i in preparing a set of distribution gr graphs. Although rainfall records 
eg are not necessary in the application of the graphs, such information is of — 
importance i in judging the aelative ‘reliability of the as affected 
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To illustrate the application of the distribution graph of ES, matter 
ee ~ concentration in the calculation of suspended lo: load , data were used from a rise : 


that occurred in the East Fork of Deep River on November 7, 1935. *F Fig. 50) ; 
_ shows the observed discharge and suspended-matter concentration resulting — 
ee from a rain of the characteristics illustrated by the chart shown i in Fig. ‘5(a). 


‘The record from. only | one the recording rain gages shown. This is a a 
tipping-bucket recording gage maintained by the ‘United States Weather 
be: The use of the distribution graph, as developed, requires that the stream 
a _ hydrograph and one measurement of suspended- matter concentration during a a 
es rise be available. If the hydrograph is composed of several peaks, an observed Ree 

sediment concentration for each peak is required. is desirable that the 4 
Be be sample for concentration be taken at, or shortly after, the peak discharge, be- i 4 


“ cause, during the rising stage, the concentration often fluctuates erratically; -* 


whereas, during the falling stage, the rate of change in suspended- con-— 

The hydrograph shown in Fig. consists of two peaks, and therefore t two 


observed concentrations are used in applying the distribution graph. With a : 

: ;, known value of concentration and a selected distribution graph oriented with | 

ae eee respect to the peak discharge according to Fig. 2, a computed distribution of 7a 

, me + concentration can be made for each peak. Where the effect of two peaks | 
overlaps, the individual « curves calculated separately, ‘and then added 
graphically to give the graph of suspended-matter concentration for the com- 

a plete hydrograph. The suspended load then is easily calculated from the dis- ae 


= charge and the calculated concentration. ef the load is calculated for several — 


‘ points throughout a rise, a complete graph of the load may be constructed. The 


a total tonnage of sediment is represented by the area under the load curve. It 2 3 
é desired, this load then m: may be converted to volume by selection of a volume- 
a Pa; Ee In the first rise, shown in Fig. 5(b), the period of rise is approximately 4 br. 
: With a peak discharge of 70 cu ft per sec, the time- -of-lead is zero according to ; 


es and the peak concentration therefore is assumed to coincide with the 3 


ia peak discharge. The 4-hr distribution graph, shown in Col. 3 of the tabulation | 


at Fig. 4, is used and plotted i in] Fig. 5(c), with the peak coinciding + with the > time | a 
peak discharge. It so happens that the observed concentration of 860 ppm, 
a an as selected for use in the calculations, was taken at the instant of peak discharge; is 2 
ee consequently, it is the concentration at which the curves of calculated and ob- s 
served concentration will arbitrarily be made to coincide. By multiplying this 
_ peak concentration of 860 ppm by the ratio of the ordinate percentages for each el 


time interval of the distribution graph to the peak percentage, a calculated 
curve (curve.a, Fig. 5(c)) of concentration is obtained for the first rise. —iIt may 


a 
me vi s be noted that the recession part of this curve extends over a period of time ‘ 
4 -——sulciently long to contribute to the total amount of sediment i in suspension — 


during the second ri rise; consequently, to distribute the concentration int the 
second rise, ‘segregation of the concentration resulting from the first rise will : 
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Fra. 5. USTRATION OF Mernop or CaLcuLaTING THE Loap or A By o 


80 that the 
"percentage with the because here again Fig. 2 shows a > 
_ The observed concentration to be used i > 
the curve of concentration in this second rise is segregated from the 
ae first rise by subtracting the calculated concentration | of the first rise for the — re : 
ae corresponding time; that is, a concentration of 390 ppm (read from the calcu- a 
4. ag * lated concentration curve for the first rise) is subtracted from the total observed _ a 
E. ns concentration of 1,450 ppm to give a a segregated concentration of 1,060 ppm. ae 
distribution-graph ordinate for this corresponding time is 13. 9%. By a 
ee ‘multiplying the segregated concentration of 1,060 ppm by the ratio of the distri- a 
rie bution-graph percentages (Col. ‘1, Fig. 4) and the e percentage o of 13. .9, a curve of et 
eS concentration (curve b, Fig. 5(c)) i is obtained for the second rise. By adding — as 
“i Cane graphically the individual curves for each rise (curves a and b, Fig. 5(c)) a a E 
e. calculated curve of f suspended-matter er concentration is obtained for the complete — 


he these calculated and observed curves of concentration were made 4 
‘ rbitrarily to coincide at two points, visual examination shows that agreement 7: 3 
between the two can be cons considered as satisfactory. . Close agreement is further — . 
confirmed by the load curves in Fig. 5(d) where the calculated load for the flood a 
‘pated agrees to within 5% with the observed load. Note that the suspended i. = 
load transported during periods of low water is | negligible i in comparison with — a 
that transported | during floods; hence, if estimates of load are made only for 


% = flood periods, s' sufficiently precise estimates will be obtained for most practical — 
he The primary advantage of distribution graphs i is the fact that they permitan — 
as estimate of the suspended load of a stream to be made with only a single obser- _ 
vation of suspended-matter concentration during a rise. This should be of 
. a particular value in localities where sufficient funds are not available for ob- _ 
_ taining personnel for sampling throughout the flood period. Fewer samples for 
_ analysis also decrease the laboratory costs. This method, of course, is subject — = 


i to all limitations applicable to the use of the “unit graph” in hydrologic studies; 
; that is, sufficient records at a particular location on a stream must be available, — - 


and the observed used i in distributing the concentration 
ag shown for each rise. The actual recorded peak discharge \ was used in orienting — ¢ 
the position of the distribution graph with respect to the peak discharge by the 
use of Fig. 2. In some instances, however, it might be more desirable to use the 
peak discharge after segregation from the antecedent flow. In general, however, 
_ it appears that considerable leeway is permissible in the selection of a distri- 
_ bution graph and time-of-lead, without greatly influencing the estimate of the _ 
_ Suspended load. It is to be noted that the calculated and observed loads f for 33 
the flood period of July 29-31, 1936 (Fig. 6), agree within 10%, an accuracy ie 
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On the rainfall is indicated the the rainfall that was 
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Ps contribute the segregated surface runoff used in the calculation of ae 


 — capacity, and the ratio of surface runoff to rainfall. 
Be infiltration capacity for the e watershed has been calculated by the ‘method de- 
“a ——setibed by Robert E. Horton, M. Am. Soc. C. E. (4). Calculation of the ayer- 
‘3 th age infiltration capacity for several other fi flood periods was 5 made and, as would 
be expected, showed a rather wide range of values which varied not 
 geason but also with antecedent rainfall and condition of the soil, 
a 2 atl Plot studies have shown that, for a constant slope, the main factors governing 
eons are rainfall intensity, rainfall duration, initial moisture content of the © 
Pea soil, and the effect of the condition of the soil surface. The most important 
es factor affecting pe and soil erosion is the rainfall intensity, with the soil loss 


ee the rainfall intensity is high enough to cause runoff within a few minutes after — 
the rain starts, this suspended material is carried off, and upon entering a stream 


_ packs it down and creates a pavement effect that sheds the water, but erosion — 
is not as as on a soil originally i in dry state. Ifa rain continues to fall 
¢ on a soil that originally y was dry, most of the material readily available for a 
_ transportion i in suspension is soon washed away, ve the remaining wet reall 


creases as the rain. continues, the soil losses 
_ That these general principles governing loss from small aar plots” * 
z at ae also reflected i in the suspended-matter content of a drainage stream has been a 
me confirmed by. data obtained on the East Fork of Deep River on J uly 29-31, 1936 
(Fig. 6). The first rise resulted from a high-intensity rain that fell on soil in oa 
jie es dry condition at a time of the year when the soil surface probably was in a 
pulverized condition. A relatively high suspended-matter concentration 
4 attained as a result. ~ Upon subsidence of this initial rise, additional rainfall b 


occurred, with the resulting runoff and suspended-matter concentration ap- 


a parently being decidedly affected by the first rise. Asa result of rain hes-g wie 

W: and t the flushing away of most of the loose 1 material 1 during this initial rise, the 
he suspended-m: matter concentration » during the subsequent rises was considerably | 
Rr < ce reduced. In fact, during the fourth and last rise in which the highest peak of _ 
discharge oft the period was s attained, the maximum con¢ concentration was but. little 

greater than during the lowest of the peak discharges. ‘phenomenon of an 
a nN apparent exhaustion of the supply of fine material, characterized by the sus- 

 pended- matter concentration reaching an early peak, and then decreasing even 

aM 4 though the discharge may continue to increase, also has been observed in the 

a Enoree River "investigations. Obviously, when the conditions ‘governing the 


The average 
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becomes the major portion of the wash load. - Rain falling on moist soil = : 


Items that may be of particular interest are the average infiltration capacity 
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solution of the problem of erosior n will re equire consi derable 


‘Son of 1940 studies on raindrops and erosion, J. O. Laws (5) made the 
_ ‘* * * intensity and duration records by themselves do not constitute — 
an adequate description of rain. To adequately describe rain so far as 
oo erosion and infiltration are concerned, it is necessary in addition to know | 
¥ the size and velocity of its drop. | “The relative significance of the drop — 
characteristics depends upon a multitude of factors, such as cover, slope, . 
soil type, and has yet to be mat 


"particular stream rise can bbe calculated with reasonable 
‘sd ‘pesends are necessary, of course, in-developing a set of distribution graphs fora 


S 3 the 2. Although the shape of the distribution graph depends on the period o 

wy rise and, to some extent, on the intensity of ‘rainfall, unless considerable basi 

a data are available to define the effect of intensity adequately, an average distri- _ 


bution graph for various periods of the rise should be be used, 


» oe basic data for the East Fork of the Deep River drainage basin were 


ss obtained by the Quality « of ‘Water. Division of the United States Geological 


9 ‘Survey in cooperation with the Soil Conservation Ser Service and the North Carolin 
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C. E. » Vol. 108 (1943), p. (1110. discussion W. Johnson, 


Ay 


(22) Silt Content of Colorado Engineering News-Record, Vol. 


Pi 
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ed Matter in Several Small Streams,” by S. K. Love, Transac- 
tions, Am. Geophysical Union, Annual Meeting 17, Pt. 2, 1936, pp. 447 
“The Effect of the Degree of Slope and Rainfall Characteristics on Runoff _ 
4 
_ 
— 
— 
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4 paper for obtaining a dependable record of suspended load with only a fraction — 
=. the number of samples required without its use. This procedure reduces the | a 
g rather high cost for any individual station considerably, and it will prove to ie 
be of greatest significance for any future suspended-load sampling program. eae i 
‘The paper is theoretically important because it shows, ‘more | clearly than | ever a 
has been done before, the necessity of dividing the sediment load of a stream u 
tit bed-material load and wash load. The limiting size between the two is 
2 be determined for any station before load measurements : are started, because 
it divides the total load into two » fully independent parts that follow. strictly 
F . 3 separate laws of transportation and, therefore, are to be determined according tea 
The concept “time-of- “lead” is by Professor Johnson for the time 
interval between maximum concentration and maximum ‘discharge, and it is 
explained by the rapidly decreasing availability of fine sediment i in the field 
during a a rain. In watersheds as small a as those studied by the author, this 
- original: “time-of-lead” as created in the field can be found in any section ~<a 
: _ the watershed, since mere addition of sediment loads and discharges will rool a 
materially affect this time interval. In large streams, however, another in- in 
¥ / fluence that tends to change this time interval becomes effective. deg The ved 


=" slower (especially the coarse particles, which are concentrated near the mel 


; _ where the velocities are less than | average). it Changes of discharge travel with 
wave velocity, which is considerably higher than the- flow velocity in most 
streams. This fact sometimes enables the maximum of discharge to overtake 
the maximum eoncentration. This phenomenon occurs most frequently in 
parts of streams below long stretches without tributaries. — _ Probably the best 
_ example has been published by Alfred Dale Lewis under the title “Silt Observa- 
tions of the River Tigris,” (11) in which he deseribes a solitary flood of the River ce 
‘Tigris at Amara, Iraq, in January, 1918. The flood peak occurred on January bat 
12, with a silt concentration equal to that before the flood. Only after the peak 
had passed did the concentration start to increase; and it reached its maximum 


el on January 15, three days after the peak of the flood. Such extreme | cases are 


tribution over the entire of the that causes the rise. 

The larger the watershed, the smaller will be the probability that the distribu- — 
ion of the precipitation during any one storm occurs according to the normal : 

a pattern. Even in a watershed as small as that of Enoree River (65 sq miles), * ; 
% : Geer by the author, storms will be found that deviate widely from the Zi 


normal. This fact can be observed very ‘readily in this river, because its 
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normal flood has two distinct a smaller one from rain in the lower Part 


ae upper part: of the basin. . These two sections are distinctly separated by a 
3 stretch of the river - without major tributaries. Some few storms occurred in 
es . this watershed with precipitation in either the lower or the upper part of the — 
a. basin only. The resulting hydrographs showed only one peak, and, therefore, — 
<a could not be handled by the unit-graph method. Cases of this kind are rare = 
in small physiographically uniform watersheds but become more and more 
frequent the larger and the more complex the watershed under consideration. _ 
~ ta In the practical a ‘application of t the unit-graph method as proposed by _ 
author, it is important to bear in mind, therefore, that, although its 
rae to streams with small and uniform watersheds has been proved to give good a 
i wt ee results with a minimum of cost, its applicability to streams with large and 


a -omplex watersheds seems questionable and for this reason needs further study. oe 


C. Doxson,‘ M. Am. Soc. C. E.—A reasonably estimate of 


period of time. Any suggestions for reducing the length or cost of — rs 
sampling programs without material loss of accuracy are very welcome. Pro- 


fom: Johnson's paper is a valuable c contribution i in this respect. — : Although his 


_ In the literature on transportation of sediment there are many references to a : 
the fact that no definite e relation can be found between discharge an and the load 


of suspended sediment. Unfortunately, little information i is given as to 


_ and satisfactorily by citing the different factors rs affecting the availability a: and i 


— 


of the fine and coarse material moving as suspended load. 


#5 the discussion of the two | load and 
Age factors governing their availability, entrainment, and transportation, some 
=. implications, not developed by the author, seem too important to pass without — a 
_ discussion. If the wash load, which can constitute as much as 90% of the 
gee suspended load, is carried in relatively permanent suspension and is 
Pee ten fine material (finer than any found in appreciable quantities — 
in the stream bed), practically all of this wash load must move continuously z 
downstream during a flood, in suspension, at a velocity practically equal to a 
Ss of the stream until it is nae on parts of the flood plain where the © & 


— 
7 
a of only one observed suspended-matter concentration foreachriseorflood would 
= — 
= 
Senior Sou Conserv 


ON SUSPENDED-MATTER 
— reduced, in a reservoir, in 


g that had traveled from the points where they entered the stream channel to the ae 
reservoir in one continuous journey, The remainder of the sediment—much — 
q the smaller part—is made up of be bed material i in in suspension: and bed load, each : 
and requiring a long time to make the journey. This time factor should be of pire 
a considerable importance to those interested in conserving bottom agricultural — ie 
j land, the capacities of reservoirs, or other downstream values because it means i 
S 3 that any measures that would prevent the fine sediment, wash load, from enter- Poe 
ing the river system would be very efficient and immediate in their, effect. eS 
q There exists a rather prevalent belief that, because of the enormous amount of gre 
sediment now in river channels, such preventive measures would beeome ie 


effective only : after a long of | time. ai 


Tuomas R. Camp, . M. M. Soc. C. E.—The labor of measuring the silt 
load carried by a go ‘may be greatly ‘reduced withou ‘undue. sacrifice in : 
_ precision, by the method presented i in this paper. In regions subject to soil siete 
erosion, measurements of silt transport are necessary in order to gage the 
flectiveness of works constructed to reduce soil | erosion. the program is 
to be effective, a large number of stations must be catablisbed on streams, and a 


tributaries, and continuous records should be kept of the rate of flow of ‘farm — ii 


land” toward the | ocean. As a conservation 1 measure, this program i is just 
important as stream gaging. . The author is to be therefore, for 
a _ furnishing a means by which more stations may be operated for the same out!’ 
has been found convenient, in Professor Johnson's experience, ‘to separate 


load” from “bed load” and virtually to ignore the 


sediment transport from observations made in the field. material that 
appears to be permanently in suspension is there because of its size and not A 
—— of its origin; and the material that appears to be transported only by 


bed-load movement remains at the bottom because of its. size and not because 


J 


The mechanics of the transport process: is the same for all sizes of coils 


phe: for the changes in drag coefficient of the .e suspended particles v with size. % 
_ The material that moves only along the bottom does so because the transport 


capacity of the eddies in the stream is inadequate to move it upward, ‘The 
: - finer material which appears to be permanently in suspension is not permanently 


; in suspension; it is continuously settling out (as it must if it is heavier than 


and i is continuously being carried upward by turbulence. 
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the e 4 depends for its continuance upon scour from the bed. There is no such thing aa s 


a8 in as such, for particles whose density differs 


from that of water. William E. Dobbins (12), Jun. Am. Soc. C. B, has — 
demonstrated, both by theory, and experiment, that material which a appears 
E to be permanently in suspension will settle out readily, under the same condi- 
ey, tions of f turbulence i in the stream, if scour from the bottom is prevented. . The | a 
os equilibrium condition in which the concentration of suspended matter at any “as 
_ depth remains substantially constant with time can be maintained only if the 
rir rate of settling out across any horizontal plane—including the bottom—is 
exactly balanced by the rate of upward transport of sediment. 
a The mechanics of turbulent transport of sediment in suspension has been an 
studied widely and is understood fairly well. A. Shields (13) has presented . 
satisfactory rational development for the critical tractive force at which 
bed-load movement starts. No satisfactory attack, however, has yet been 
ee % made on the problem of the relations between the rate of scour from the bed ~ 
and the hydraulic characteristics of the stream. Many measurements have 
been made, in the laboratory, of the transport capacity of ‘streams, but, since 
nearly all the studies have been confined to bed- load movement, little ‘infor- 
he mation is available on the total transport capacity of a stream. Fora os 
of the hydraulic conditions governing the rate of scour, 


combined theoretical and laboratory study is needed. 


Frank Assoc. M. Am. Soc. C. B—The use of a distribution 
sz graph of suspended- -matter concentration is described in this paper ‘together — 
Be, with the observed hydrograph and a single observed suspended- matter er concen- 


Eeiae | 4 tration for ¢ calculating the total ‘suspended load of fine material transported — 
ia during a particular storm. These phenomena deserve the attention of a 


persons interested in the collection of deed sad 
Having noticed the resemblance of distribution graphs of different storms 


for a particular stream, Professor Johnson shows quite convincingly that a 


= 


oye ‘sufficiently accurate results may be obtained at much less labor and expense ‘s ’ 


than formerly have been considered necessary. 
ad te In these days, , especially when so many , men are being taken into the armed e 
Services, 8 method of obtaining needed information, which eliminates much 
“unnecessary effort, should be utilized whenever ‘possible. Of course, , the 
various changing conditions on watersheds which the author 1 mentions always - 
should be considered in in applying his me method. my 
Extraordinary storms may occur in n which may be 
found inadequate, but for "average cases the writer believes Professor Johnson — 


as developed valuable idea, which should be tested carefully in various 


W. Assoc. M. Am. Soc. C. E—As stated, this 


Asst. Prof., of Mech. Univ. of California, Berkeley, Calif. 
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small streams in humid climates.” the restriction of the vu use pt distribution 


3 an to humid r regions is due merely to the fact that a study of their r applica- 
tion to streams in other localities has not been ‘made. Because the unit-graph 
method assumes a normal distribution of rainfall over the drainage basin, the 
% _ practical application of the method i is limited to small streams. As stated by 
_ _Mr. Einstein, streams like the Enoree River which show different hydrographs cr 
_ (depending on whether the rainfall distribution is normal or concentrated either 


E at the upper or lower end of the drainage sage cannot be treated to advantage 
(a _ An analysis of the suspended- matter records obtained in the Enoree River 
_ during floods, resulting from rains of uniform distribution, permitted the con- == 


= struction of a set of distribution graphs. i Asi in | the East Fork of Deep River 


JOHNSON: on SUSPENDED-MATTER CONCENTRATION 


usable Telationship between the “time-of-lead”’ and ther Tate of ‘ise, ‘similar 
% to Fig. 2, was also obtained, the “time-of- lead” i in this instance ee being the period — 


rainfall occurs saly at the upper end of the drainage basin, and another at 


could be obtained for rainfall occurring only at the lower end. Howe 
unless a single set of curves can be obtained which covers the larger Per aa uy : 


of cases, other approaches’ to the problem of estimating the wash load of a 


The use of turbidity determinations is another method of reducing the labo 


of determining the wash load of streams. - ~The turbidity ¢ of a water sample, as 
measured by the usual type of commercial turbidimeter commonly used in | 
Water works practice, is known to be related to the concentration of suspended 
g sediment. 4 This s relationship is usually pd rae as the ratio be between = 
 suspended- matter concentration in parts: "million and the turbidity in 
parts per million of silica and is referred to as the coefficient of fineness. — “The 
; se of the coefficient of fineness, however, is not constant for a particular — ee 
stream. In a detailed investigation 1 of the use » of turbidity readings in sus- pans 
pended- -load studies on the Enoree River (14), R. G. Grass concluded that, 
if turbidity readings a are ‘supplemented by a few ‘gravimetric ‘determinations 
suspended-matter concentration, accurate estimates of suspended load can be 
q made. te The method consists of first taking duplicate water samples at intervals om 
a throughout a stream rise. _ Turbidity determinations then are mad e on one 
sample from each pair taken, the second sample being stored temporarily, nt The i 
__- values of turbidity are next t plotted a against time, and, where breaks occur in 
the trend of the turbidity curve, “gravimetric Of suspended- 
i matter concentration are made on ‘the second sample. Values of the coefficient oo 
7 of fineness are calculated, and a a curve of the coefficient for the duration of 
the stream rise is plotted and used to correct all intermediate turbidity mea- ue 
surements. The corrected turbidity measurements are then used to calculate 


Dag ‘tiaelidéd) load i in in the same manner as suspended- matter concentrations 
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tory cost of analysis a much less than if all samples were analyzed by the — ms 
method. _ The method is also adaptable to. either large or small 


material from the point where it enters the stream to the point of 
‘Thee energy ‘required to transport the wash material j is probably a very small 
¢ percentage of the total energy of the stream, so that once the material is washed he Te a 
a ‘stream: it is transported by even the: most feeble velocities. Should 
water-carrying, wash load be diverted from a stream into an irrigation canal 


a great percentage of the material would be transported completely through the 
system to the fields. For example, 8. F. Fortier and H. F. Blaney, M. Am: Soc. 
in 1 the measurements of the silt load of the Colorado River in suspension 
in the irrigation canals of Imperial Valley found that (16)3) oldaew 
~ all cases this material (fine material that passes the 300-mesh 
be forat was found to be equally distributed throughout the vertical section : a 
for all velocities under which tests were made, including mean velocities of : 3 
iti less than two-thirds foot per second in small ditches. In other words, any e a 


q 


fe _ velocity that is practical for an irrigation canal will carry in suspension the i 
ie _ greater part of the silt transported by the waters of Colorado River, and q 
. , most of it, therefore, passes on to the irrigated land. The amount of sus- Ls 
pended silt chy in the canals is a vay small proportion of the total 


settle that continuance of transportation depends upon scour from 
; ye the bed. _ For practical purposes, though, the fine material is not derived from. i: a 
a a the bed by scour; in fact, in a canal lined with concrete practically the i — 
- a wash load carried into the canal will by be transported throughout the entire — 
length of the canal. Only, the coarser fractions of the suspended load are A 
_ related to the composition of the bed material and the hydraulic characteristics — e 


HK 


4a 

It was not the writer’s intention to ignore the bed load in his discussion 


because he considered it unimportant but rather because such a discussion 


would. be beyond the seope of the paper. For ‘practical ‘cons nsiderations, the 
total sediment load of a stream consists of three parts; The wash load, the 
coarse material it in ‘suspension, and the « coarse material rolling or r sliding slong 4 


7 om va load may be estimated by the use of ‘distribution graphs (as described — 
BS = , in the paper) or by the use of turbidity data. A practical method of estimating — 4 
the load of coarse suspended material has been developed by E. Lene, 
& “e we M. Am. Soe. C. E., and A. A. Kalinske, Assoc. M. Am, Soc, C. E. (16). . The, 
ie material that rolls or slides along the bed may be computed by the y-¢ se 
developed by H. A. Einstein, Assoc. M. Am. Soc. C. E., from flume a7) 
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‘The accuracy estimating the suspended load of a 


_ pend on the purpose for which the data are obtained. A reliable estimate “< 
_ the average annual suspended lo ad transported past'a given point is possible 
only if adequate records covering a considerable period of time are available. ae 4 
_ When the construction of a new project i is contemplated, however, such records — 2 
rarely practicable to delay the 
project several years while 


ates are based on short-term 
fragmentary records at the site, _4 River, 
& or on records of another locality 
conditions are assumed to 
be comparable. The estimated 
silting rate of a reservoir, for 
be based, in the 
absence of long-term data, on 
an average annual suspended load 
_ obtained from two or three years | § 
of record. The reliability of this 
value of the a average load depends,” 
SS primarily, on whether the factors | 
Bi, controlling the supply of sedi- — 
ment to the stream were normal = 
. during the period c of sampling. An 
- investigator interested in obtain- 
& ing an estimate of the average an- 
of a stream should examine the 
data in detail and evaluate them ae de 
_ in the light of the more important Preps 
-variables which control the supply 


off, in Millions of Acre-Feet 
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pended load of a stream Joan Riven 


4 3 
est estimate of the average annual contribution of bed load can be made accurately _ 
¥ and conveniently | from the ap wrepplication of a suitable bed-load formula and a flow-— 


; of a stream to be computed. — Should a flow-duration curve aa a 
particular stream not be available, it is | possible in some instances to use th 
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using formula, such as the Binstein y- relationship. 
—— 


and the annual runoff. For Fi ig. shows a a plot of runoff. and 
; “a silt content on the Colorado River as measured at various stations by the 
eee It is hoped that the paper and the v. various discussions will contribute to a j 
clearer conception of the problem of sediment transportation and will assist Bs 
A in the solution of practical problems. — It is regretted that others have been 
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+ Although the instantaneous value of the suspended load in a stream bears 
direct relationship to the discharge, it may be possible with relatively long- 
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Liner-Plate Tunnels « on the Chicago (Iil.) Subway. _ 
By Karu Terzacui, M. Am. Soc. C. E...... 
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sf e parts of the program eonteined interesting ‘material on the subject of shear i in > a 
plastic clays. Subsequently, it was decided to assemble these papers into a a 
composite group designed for widespread discussion by the entire membership. a 


= experience on the Chicago subway has been 1 recorded | by Kar! a 


Terzaghi, Am. Soc. C.E., and ‘Ralph B. Peck, Jun. , Am. Soc. .C. E. E. 
first paper concerns tunnel sections and the second open- n-cut sections. Pe a “a 
Work described in these two papers was done by the Department of 
and Superhighways, City of Chicago, under Edward J J. Kelly, Am 
C. E., Mayor, and Philip Harrington, M. Am. Soc. C. E., of 
rere Department. 3 Ralph H. Burke, M. Am. Soc. C. E., was chief subway 
So gy during the major part of the construction program, until Charles E. De a “ 
M. Soc. C. & became acting chief subway engineer. Joshua 


mechanics and Mr. Peck was in direct charge of soil investigations and the field 
. == The parts of these papers dealing with the theory of earth pres- 7 


‘sure, with the interpretation | of field data, and with the application of the 
- findings to the design of the bracing in open cuts (for example, parts II to VI WY 


“ae - Contractors engaged i in the work contributed materially to the success of - 
the studies. On the Chicago subway these were the Healy Subway Construc- ee 

tion Corporation, , M. Boyle and Company, , John C. Tully Company, Kenny 

sls Construction Company, M. Pontarelli and Sons, John March and oleh 

Robert R. Anderson Company, and Paschen Contractors, Inc. In addition, 

> ab > equipment for some of the tests on the Chicago subway was made de available | sg 

A ie the firm of Spencer, White and Prentis, Inc., through the kindness of haem a 


ey: aa third paper in the Symposium, by W.S Sebel: M.. Am. Soc. C. 
ains detailed directions for determining the distribution of earth pressures — bs 
emer which is part of the general research program in soil mechanics ie 
e University of Michigan in Ann Arbor. This program consists of a more or _ if 
*s continuous series of investigations coordinated with construction projects 
and sponsored by the outside engineering organizations directly interested. — 
‘ay results reported by Professor Housel are derived from a project undertaken 
y the ‘Department of Water ‘Supply, ‘Mich. Laurence G. 
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Administration. Soil mechanics activities were administered by R.S. Knapp, 
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sted. 


Lenhardt, M. A Am. Soc. C. BE. general manager and chief engineer | that 
or Department, was one of the originators of a soil’ mechanies research p program — 
4 in the Detroit area and has since been one of its most consistent supporters. i femic siege 
tha During the past several years the Armco Drainage Products| Association 7 ps 


has become actively associated in this work through their interest in earth 


si pressure: in ‘underground excavations. A study of the accumulated earth- 


pressure measurements has been made and some related investigation under- — 
completed under the sponsorship of the Association. George Shafer, 
_ Assoc. M. Am. Soc. C. E., chief engineer, has been directly concerned in that 


an Notation.—The following letter symbols, adopted for standard use in the é 


Symposium and ‘subsequent discussion, conform essentially to American 


_ Standard Letter Symbols for Mechanics, Structural Engineering, and Testing Pe 
aon prepared by a Committee of the American Standards Association, ‘ 
with Society representation, and approved by the Association in. 1932. In 

they follow, as a guide, the Society’s M of 


= one half the width of a tunnel: 


= overload ratio; Ci; S/S. bos 


= cohesion of clay: ¢, = cohesion of a ' substitute clay layer; 
= diameter of a tunnel section; MOD. 


H = depth to top of tunnel; 


: H, = = depth below the surface ‘to any p point; 
height of the tunnel arch springing above the invert ; 
Ha, Hg, ete. = depth 1 from ground surface to truts. 
distance from lowest strut to bottom of excavation; 


Ka= 
‘ Ke = 


= lever arm of force S at ‘the ground surface; 
= lever arm of the force Pa; 5 bir lated oe 


= lever a1 arm of weight W; _ 
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8 ium where they first appear. 
ripts are given in the Symposiu PE 
field H = height and depth, as depth to the center of tunnel: 
a. 
rue 
le pressure ratio for active earth pressure; — 
a hydrostatic pressure ratio for cohesionless material; 
TT = = = ratio between the horizontal and the vertical unit 


— 


‘ 


Real 


_ measured strut loads above the bottom of the cut, to the total 
® = coefficient of progressive failure; arly 
hose = total lateral pressure from the surface to a depth 


3 = the magnitude of a resultant earth pressure analogous 


p's = lateral pressure; vat bing 8 ee 
= bottom vertical pressure under temporary equilibrium; 
total measured lateral pressure in one profile of bracing; also, total 


vertical load supported by sheeting: Q:, Qe, etc. = individual 
unconfined compressive unit strength or bearing capacity: 5. 


= minimum normal strength; 


= effective menting of along one of the potential sur- 


S. = cumulative average shear the ground surface to the 
os S, = shearing resistance of a sand layer; 


water 
given shaded area, per f foot length of 
ofa wedge of soil mass within a failure. zone: 
= total weight of earth in a corner fillet; 
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= liquid limit; eer 

= plastic limit; 
also unit weight of soil 
= average e density ata depth ay 
average density of clay layer; 


= angle of inclination from the horizontal; a 


= stress intensity: 
nat 


oa = active earth pressure; 


horizontal stress on a vertical 
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PLASTIC CLAY 

LINER- PLATE: TUNNELS» ON. THE 


at 


tore ‘TERZAGHI,? M. Am. Soc. C. 


ey The initial subway system designed for Chicago, Ill. , includes two ‘Toutes, — 


mae one dese the orate Street route and the other known a as the Dearborn Street "a 


BY 


on 
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Be 


ewe are connected with each other by a double take. v Each tube has a clear s BS 


an. of 15 ft and a clear height of us ft. . The bottom of the tubes is approxi- 3 


stiff and very soft. The system a total of 7. 7 miles of double 

J tubes and station sections. Of this total, 5. 5.7 miles have ‘been constructed by = x 
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route. Ihe locations of these two routes with reference to the lake shore and 
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air pressure 12 Ib | per. sq in. in excess of 


lines and are used by heavy t trucks. Buildings 
stories border the | streets | from one one end of the subway routes to the other. 
% The foundations of the buildings vary f rom spread footings 4 ft to 6 ft belov ow 


the ground surface to caissons founded on bedrock. To serve these buildings y 
of every description are located between the - street and the 


Before was started, the following to be answered: 
(a) ‘What soil investigations should be made i in order to obtain a general 


“aA 
of the boil conditions along the proposed routes? poe foe 
Which sections” can be constructed by means of the light liner-plate 
method and where it be use th the more expensive s shield method? 


ressure on the 
nadie é two more questions arose—namely, 
ai @® What should be done to reduce the | settlement « of the street surface to 
e) How can catastrophic of mining into a pocket of unex- 


attempting | to answer such q and no method 
soil te tests can be be relied upon, “unless t! the validity | of the conclusions has pre- 


been demonstrated by reliable measurements in the field. In ¢ 
nection with soft lay tunneling such measurements had over. 


Therefore the Subway Department decided to fill the gaps in current 
by systematic observations supplemented by soil investigations a1 and to 


the. results to the problems of construction as "experience increased. As a 
by-pr “product, ‘the Department accumulated a wealth of information which can 


be turned into in n connection with the to the initial 


. 


“The t paper contains an abstract of the pertaining to the liner-plate 


‘tunnels. ‘The first part deals with the conditions: for the equilibrium of the 
support, with various | theoretical “conceptions ‘concerning | the ¥ 
pressure on the finished t tunnel tubes and with the causes of the settlement eS: cae 

street surface. ‘Thes second part contains a brief review of the soil investiga- 
tions. In the t third part the 1 reasons for local | application o of the shield snsthod 
are discussed. The fourth par part deals with the resu of observations, ns, made in 
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fifth concerns the ‘settlement of the stree Another paper | 
cerned with the shield tunnels is appearing ‘elsewhere. #5 
4 PRESSURE on TEMPORARY AND ON PERMANENT ‘Suprorr 
Liner-Plate Method of Tunneling in the Chicago Subway.—Fig. 2 illustrates 


e the two principal liner-plate methods used on the Chicago subway. J ‘The Se 


consist of 6-in., 20-Ib I-beams spaced 2 ft to 2.5 ft on centers. The space » be- 


ton the ribs is bridged by the liner-plates. The individual sections of the a “ 


liner plates were either very long and were bolted to the web of the ribs, ae 


"According to the method illustrated b; by Fig. 2(a) each was installed in in 
sections starting at the crown. In every stage of "construction t the two 

ends of the arch ribs rested on footings except during the brief periods when 
new sections are added. Mining started at the crown and ended 


Linlien ? z they were narrow (lagging plates) and freely supported on the outside flanges 

of the ribs. Since it is not possible to make the excavation exactly fit the liner 

plates, they w were re inevitably from the clay an empty space varying 

| 


NNELING 


Tu: 
were. 


with the excavation of the invert section. wit itis 


excavating two unlined monkey drifts. of each monkey 
‘served a as a ® support for a wall beam with a a length of 6 ft to 16 ft. _ The oe a 


imes 


—CHARACTERISTIC 


be: of the wall beam, which in turn transferred the load on n to the footings of ae ey 

In both types of tunnels, the size of the footings ‘ranged yt 0.8 2 

aT i ft per lin ft of the tunnel. The small footings consisted of square blocks and = a = 

large ones were continuous. To the lateral support of the clay, 

excavated the working face for a of 25 to 40 ft. The invert was 

cleared, ‘reinforcing steel laid, and the concrete invert ‘poured. In the 

vit q next step the concrete arch was concreted, after which sand-cement grout was 
wig Pe injected through pipes in the wall to fill the voids between the concrete and the | = 

an and the remaining open spaces between the liner-plates and the clay. 


Conditions for the Stability of the Liner-Plate System.- —Figs. 3(a) and 3(6) 
simplified sections the temporary support of the clay in a ‘ook 
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tot ci of the tunnel is located within an exceptionally stiff layer of clay between soft = jm 
of the Chicago Subway,” by Karl Terzaghi, Journal, B 


PLASTIC 


me. bee _W = one half of the weight of the clay (solid and water combined) a 
ig cated within the shaded area, per foot of length of the tunnel; 
—— = one half of the area of the footings, per foot of length; 4 box] 


Zone of — 
ad GF r yeaa 


< 


ona al 


For reasons stated in Section IT on soil investigations, it will be assumed __ 
_ in the following estimate of the bearing capacity of the support of the clay that Fe 


the ‘angle of shearing resistance of the clay is equal to zero. if 


ry the bearing capacity of the footings from | to Po per unit of: 
2 area, regardless | of whether . Pa is exerted by a surcharge | or by compressed air.* 4 


‘The forces that act on the clay adjoining the tunnel under normal working con- : = 


_ ditions are shown on the left-hand side of Fig. Me. The temporary | support 


baa Wie 8 = Pa B A (qp + Pa). 
After a complete blowout 7 Pa 0, whereupon the stability of the 


2. 


a, If the clay on both sides of the tunnel is not exceptionally stiff, the width — 
pe the block of clay that sinks down in case of a failure has approximately a. 
ont Grundlage.” by Karl Terzaghi. Leipzig, Deuticke. 1925. 


a 
: 
i 
a 
aes __-& = the effective shearing resistance of the clay along one of the potential a | 
surfaces of sliding, per foot of length of the tunnel; and 
jo 
— 
— 
— 
- 
— 
— 
bi 
on 
a 
act. 


| 
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a condition for the adequate support of the roof of the tunnel: | 


‘equi of the po conditions, the potential surfaces of sliding can as 
replaced by two sets of plane surfaces represented by the lines abc and def te 2 
“respectively. : The prism of clay located below the horizontal section b g ie 
acted upon by a vertical load W — S — pa Part of this. load is 


; ‘The average unconfined compressive strength ¢ gr of the clay located within. the 


block is known from tests on cylindrical samples with a height of 3.5 in, and a 
"diameter of 1j in. The height of the block is equal to its width, H,. No. 
displacement ¢ can oceur along t the surface bg and the tendency to 
toward the tunnel i is resisted by the stiffness of the ‘adjoining r ribs and by the the 
adhesion between the base of the footings and the clay. If necessary, the 
resistance against lateral yield of the lower ends of the ribs can be increased dil 
horizontal braces. The flexural strength of the ribs combined with the re- 
a sistance of the footings against lateral displacement 1 increases the unit load re 
horizontal 
om 
2 Qr to 2 Gr + Da. ‘The bearing capacity of the footings is A Pa). Asa 


A complete blowout reduces p, to zero, whereupon ‘70, 
S=2qHi+Agp.. ier to. bos 


In either case the failure would associated with a bending and 


dabovate computations 

mations involved in the estimate of the. resistance of oh strati- 
fied masses of clay that have been explored by means of drill holes spaced 


discontinued, the movement would undoubtedly proceed ata very low 
;. and the support would adjust itself to the movement of the clay. “This ee 
is a process of slow deformation produced by a constant state of stress in the | 
The construction of the concrete tube introduces a practically rigid 
_ stacle within the clay. If the moving clay meets a rigid obstacle, the pressure — ‘ 
g of the clay on the obstacle gradually increases, and the major part of the load, _ 
q _ which was previously carried by arching, is transferred to the obstacle. ain * 
a ‘conelusion i is in accordance with the observations on the Chicago tunnels, and 
it precludes the application of the reasoning illu strated by Fig. 3 and expressed — 
a 1 computation of t th way pressure on the reinforced 


— 
he 
lo- 
ial 
vith 
seat types of failure are conceivable, but they are not likely to occur because almost 4 
bia everywhere on the Chicago subway the stiffness of the clay increases quite co -_— 
i = rapidly with increasing depth below the bottom of the tunnels. ] 
i} wit d_2 renresent the mite’ of a crude estimate However more 
ht 
het 
; 
a 
_  § __ the clay is in a state of slow, viscous flow toward the tunnel. Afterafewdays ~~ a 
* 
= 
1935. 


This figure shows a simplified section through a tun- 
ga nel tube designed on the assumption that the ratio 
stiup pi tween the horizontal and the vertical pressure in the 
clay is everywhere equal to an arbitrarily selected) 
constant—for instance 7/8. If the real value of this 3 
_ ratio is smaller (for instance, 1/2) a slight increase of 
the width of the tunnel is sufficient to increase the 
pressure ratio in the clay adjoining the tunnel from 
aa oe. 1/2 to 7/8. A small change of the horizontal diameter does not injure the 4 
$ 


it is based on the assumptions that the clay i is everywhere in a state of 
plastic equilibrium and that the mining operations do not change the state of 
‘stress in the clay. All these facts are known to most engineers who have had q 
es experience in tunnel construction; yet no other theories are available. Hence, ff 
in the past, tunnel tubes have been designed on the basis of empirical rules 
whose deficiencies were compensated by a wide margin of of safety. Experience 
i acquired i in the course of the construction of the Chicago sewer system led to a 


_ the tentative conclusions that the roof of the tunnels carries the full weight \ 
7 


4 og of the overburden and that the ratio between the horizontal and the vertical 
an _ The sewer tunnels which have been designed on the basis of these assumptions Sy 
Bo have stood u up very: well and, since most of them are rather small, the thickness 4 
of the walls does not appear to be excessive 
ie same rule to the design of large tubes such as those of the Chicago subway, — 
pe forcement and one faces the question of whether the computed dimensions : may v 
caf 7 sit would be idle to eitempt to answer this question on purely theoretical — 
gods, because the final state of stress in the tubes depends to a large extent 


normal stress at a a given point of the. clay may have any value between 1 /3 and 2/3. 
e excessive >. However, when ‘applying the 
Oe finds that the tunnels Tequire very thick walls provided with heavy 1 ae rg 
meh on the state of stress in the clay after mining, which i in turn depends not oo 
on the method of mining but also on the | workmanship. - However, the a 


= chanical properties of th the soft clay, as disclosed by observations in the al, 
suggest the following possibility, illustrated by Fig. 


a 
ous 


tunnel tube unless the walls are very thick. Hence, it is likely that a thin 


2 


this possibility, the Subway Decarimant authorized the construction of two 
experimental sections for investigating the deformations associated with the 
pr adjustment i in the clay adjoining a flexible tube. One of the sections 
is located in a liner-plate tunnel, on contract 8-6 (Fig. 1) and the other one in a : a 
shield tunnel, on contract 8-3. The results of the observations on the liner- __ 
plate section are described, subsequently, in Section edt tte velo oda, 
of the Street Surface Above Liner-Plate Roof Supporta—During 

> - process of mining, the arch ribs and the compressed air carry only the 


_ difference between the weight of the clay located above the excavation and the ae: 


shearing forces which oppose the downward movement of the clay (see Fig. 3). 
This was for by in the legs 
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of the arc ribs on contract D-3. “The we weight transmitted bil arch ribs c on 
to the footings represented the equivalent of an overburden of 5 ft; the com- % 
pressed air carried the equivalent of 15 ft; and the total depth of the ov ons, 
a burden was 55 ft. Asa matter of fact, without effective cooperation of erching 
* above the tunnel, the liner-plate method of construction would not be conceiv- 
able. mechanical reasons arching is s inevitably associated with a trough- 
like depression of the surface of the ground located above the tunnel. Since 
= volume of the clay remains practically unchanged, the ground surface 
cannot settle unless the clay advances simultaneously toward the excavation 
: The movement can be resolved into three ‘components, a downward movement 
_ (crown settlement), a horizontal yield toward the working face (axial squeeze), a : 
and an inward movement of the sides of the tunnel (lateral squeeze). On | 
4 & account of the mechanical properties of undisturbed clays a very small. yield | 
, . suffices to develop all the strength the clay has. Any further yield of the clay 
4g & either has no influence on the pressure: on the support, or it increases the pres- _ 
as it does in open cuts. Hence. a certain part of the settlement of the 


a 


4 of the clay the should decrease like the rate of settle- ‘ 


ment of an adequately dimensioned footing on clay. On the other hand, ifthe 
3 load on the liner-plate support is excessive, the roof | deflects downward at a 
3 constant or an accelerated rate until failure occurs. Therefore the rate of 
= subsidence of the roof can be utilized as a means of determining whether or not | 
* the support is loaded to the point of failure. — The methods 0 of f observation and 


INVESTIGATIONS 2 


hae ‘Geological Conditions —Between the ground surface at an average elevation © a 
of about 12 ft above the level of Lake Michigan and at a depth of roughly a 4 
- 100 ft below the surface, the subsoil of Chicago consists of an irregularly strati- — : 

fied glacial deposit whose surface is covered with a layer of silt, silty sand, and | 
. artificial fill with a thickness of from 10 to 15 ft. The bedrock consists of 
a *Niagaran Limestone. Within the glacial deposit the following principal strata 


increases in a way with i increasing depth below 
‘fae top crust. The thickness of this bed ranges between 60 ft _ 
80 ft. The bed contains a variable percentage of f small 
fragments (sand to pea-gravel size, rarely greater) and 
wohl. isolated, more or less distorted pockets and lenses of silt and 
ie Mink, layer of hard, gray, m aterial, commonly called hardpan, 


b by: a layer of hard, bluish clay. 
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PLASTIC CLAY 
¢ seems to represent the remnants of a moraine. 
3 Its base is usually separated from the surface of the bedrock by a layer that _ 
ghar consists of sand intermingled with silt, gravel, and boulders. In some places ee: 


a the base layer contains natural gas and appears: to be very permeable, — The = 4 


tion of the soft blue during a temporary low stage of the lake which q 
7 some time after the ice had retreated permanently from the Chicago area. 3 
a During the same stage flowing water eroded little valleys, here and there, into 
soft blue clay. These valleys have subsequently been filled with sand 
4 silty sand. Near the intersection of South State and 16th streets, the bottom Am oe 
one of these gullies was s found to be about 3 34 ft below t the present. lake level. 
eS ‘Tt was separated from the underlying soft blue clay by a hard crust similar to — 
ee the stratum a which is commonly | encountered immediately above or below — P 
a Practically all the tunnels are located within the soft blue clay (stratum b). | ee 
‘The hardpan layer c was not encountered except at the river crossings. 
‘Type and Depth of Test Borings.—Since the stiffness of the bottom has 
x a Ss decisive influence on the bearing: capacity of the temporary support of the roof, Z 
a & Pk all the test borings were carried to a depth of about 10 ft below the bottom ele- | 
* al aM og vation, unless the bottom was located below the surface of the hardpan. The 
drilling equipment consisted of that commonly used for wash borings, with th 


additions required for securing continuous 2-in. seamless tube samples" 


7 


_ the clay in 2.5-ft sections. The diameter of the casing was 2.5 in. The — 
operation consisted in n breaking the . The hole was mage to 


- tests the static load required to force the leiaains into the clay has been Te ’ a 


oe ae corded. If the maximum load of about 540 Ib did not suffice to produce pene- 
ee * tration, the sampler was driven into the clay by a 125-lb weight used as a a 
hammer (2.5 ft drop and about 40 blows per min) . However, this procedure @ 
ome only used in some of the holes for } penetrating the hardest part of the top Be a 
* ‘The bottom of all the tunnels except those at the river crossings is at a 


considerable elevation above the base of the soft clay stratum b. Therefore 


a i only one of the test borings was driven to bedrock (which was encountered at i 
s e,. depth of about 100 ft) and one of them was discontinued within the hardpan ae: 3 3 
" an stratum, at a depth of about 80 ft. Both these borings are close to the La a 
ce Salle Street station. All the others terminated within the lower and stiffer — 


of Drill Holes and Variation of Soil Properties Between the Drill 


3 distance was increased to about 00 ft. The average depth o f the drill holes — - 
60 ft; the of the drill holes on n the system 
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Silty Sand Stiff Top crust, cote 


-_ records any conclusions concerning the soil conditions within the space between 
holes. However, when dealing with irregularly stratified water- laid de- 
2 posits, the writer has been repeatedly impressed by the fact that the average 
soil | properties do not change, in a horizontal direction, nearly as erratically as 
% the individual records would lead one to expect. ‘The observations on the A 
Chicago subway revealed the same fact i in connection with 


age 


in Percentag 


Y 


Gi 


be Fig. 5(b) represents ‘the variation ‘of the lateral pressure on the timbering 
4 in an open cut with a length of 160 ft and a depth of about 36 ft, on or 
_ $-1A (south end of South State Street, Fig. 1).. . The ordinates | represent the 
measured lateral pressure in kips per linear foot of the cut. They are indicative 
of the average shearing resistance of the soil on both sides of the cut . The 
4 individual values do not deviate wr more than +16% from those ‘represented — 


Wi “Fig. 5(a) h e en added along the pri te. rey 
=< = . shows an ideal sectio g the proposed extension lines. —— 
he holes 300 ft apart. Consideri gh the principal strata with 4 
he tic ering the geological origi two drill 
o x ig the geological origin of the deposit andthe 
a. 
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6 the of the natural of tl the clay over 
3g — of 50 ft of the crown face and the intermediate face of the tunnel on a - 
contract S-5 (Fig. 1) between Station 144+59 and Station 155+03. The ae 
ae dotted vertical lines in Fig. 7 represent the lines along ng which the samples were a 
& a ors, taken at 6-in. vertical intervals. A set of such samples was obtained for ap- a3 
every 5-ft advance i in the working faces. until eight complete sets = 
taken. Each of the 24 vertical rows obtaine 
; boring. In coder that the importance of the variations of the water content 
horizontal directions could be visualized, the average water content in the 
ae crown f face and in the intermediate face was computed for each potential boring — 


represented by a dotted line in Fig. 


The maximum and minimum 


— 


are plotted in Fig. 6. ‘The 7, 
4 ordinates of the straight line a 
| ‘represent the values of the water 
the basis of interpolation 
@ | % tween the values found for mate-— 
from the regular test borings 
ne at each end of the section investi- — 


7. gated. Fig. 6shows that the great- 


and those represented by the lines a b does not exceed correspond 


These data and the results of ‘all the other v variation surveys seem to justify 

the conclusion that every group of five or six text borings, driven along a sec- a 

tion with a length of 1,200 or 1,500 ft, can be considered indicative for the 4 

general character of the entire section. 

Testing.—The testing program was governed by the practical purpose 

of the ‘investigations. _ Observations were made: (a) To learn in advance 

a whether the soil conditions on the different contracts were i" canyons Be 

(6) to determine on which contracts it would be necessary to use a 

_ shield; and (c) to correlate the results of note’ and ; 
= ences with the properties s of the clay a adjoining the seat of the « observations— 


others the results would have been practically worthless. 


The difficulties associated with the mining operations | depend almost ex- 4 
: PR -cbtetyn on the: shearing 1 resistance of the clay located above, on both sides, and 
fee immediately below, the bottom of the tunnel. During the ten years since so 
ae the shearing resistance of clay has been thoroughly studied by many investi- 
s Eh gators. Important contributions were made in 1936 by L. Rendulié* and in 1939 a 
by M. J. Hvorslev.** All students of the subject have demonstrated, for both 
undisturbed and remolded the resistance of the clay in- 


Stresses Yor Remolded, Silty Clay,” by 
lechanics, Cambridge, Mass., 1936. 
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. z= professional career, the writer has not yet seen any evidence that _— 
. conclusions based on the test results also apply to soft cl ay deposits | 
ina natural state. Furthermore, he has found repeatedly (in striking contrast . 
to what one should expect from the test results) that slopes on soft, undisturbed 
- ¢ clays fail if the average shearing stress on the potential surface of sliding be- 


"comes roughly equal to one half of the average nonconfined compressive ee 


in soft clay deposits in other localities. _ Theoretical arguments do not count 
in connection v with this practical i issue. " Hence, b before construction was started, 
the writer considered the nonconfined co ‘compressive strength of fairly undis 

_ turbed samples more indicative for the shearing resistance of the clay in the 
i wr than any other ¢ quantity that can n be determined by laboratory teste,’ 


; mmements in open | cuts demonstrated for the Chicago clays the existence of ce 


has been mentioned previously herein. This is the me of the sec ond paper 


that the angle of shearing of the lay is is in excess 


zero degrees at any point. ‘The discussion 


oie laboratory under the personal of Mr. Peck. . It occupied an 
area of 30 ft by 20 ft and was equipped with a very oi ON humid room. 


4 _ By loading a great number of nonconfined seamless tube samples (33 in. 
long, 1} in. in diameter) to the point of failure wv within a time ranging between 
: 2 and 20 min, it was found that, within this range, the time factor is immaterial. 
_ Therefore it was decided to run the tests within the med time compatible i 


strength of seamless tube samples is equal to 75% of the compressive strength © eq 
of ‘samples that have been carefully cut with a | knife o1 out of the same clay i in the 


- tunnel. On the other hand, the pressure measurements in the open cuts led © 
the conclusion that progressive failure reduces the average compressive 


“Stability of Slopés of Natural Clay,” by K. on Soil 


ereases rapidly ¥ It is very probable- disturbed clay in a 
2 
field data that would 
ring | has ever published shearing resists 
ater 7 
3 o be analogous to the hich = 
ings which appears ngth for soft clay slides, which 
esti- connne tance and compressive stre 
eat- aring resis 
she 
1932 
esti- 


of the by 25%. ty Since the cheering is 
re Fe practically equal to zero, the shearing resistance of the clay is approximately — 
equal to one half of its compressive strength. This supports the conclusion 
at that the shearing resistance against progressive shear failure in the field is Ara 
approximately equal to one half of the average compressive strength of the 
seamless tube samples. Complete remolding reduced the nonconfined com-— 
pressive strength of undisturbed tunnel samples to about one fourth of this’ 


re 


ie 


Although the time for determining the nonconfined compressive strength 


a apr, reveal at a glance the difference between the soil conditions south and north i 
* ba one of the Chicago River. On South State Street, in the Loop District, the bottom 


one seamless tube sample does not exceed 5 min, the construction program 

_ did not permit making a compression test on every Gin. section of every sample. te? a 

as _ However , by plotting a great number of nonconfined compressive-strength _ Be 

values against natural water content, it was found that a fairly consistent 

tistical relation exists between these two quantities for the soft Chicago clay. 

the following procedure was adopted: Every 2.5-ft seamless tube 4) 

sample was cut into ‘six sections. The natural water content was determined 

a for each of the six sections, but the nonconfined compression test was made on 4 = 

data t thus obtained were used for ‘plotting curves of equal compressive 

‘strength on vertical sections through the center line of the tunnel. Fig. 8(a) 

shows such a plot for the South State Street part of the State Street route and 
Rig. -8(b) for the North State Street and the Division Street part. The plots 


= | 


es . of the tunnel is almost entirely located above the 0.8 kg per sq cm line, indicat- a 5 Ee: 

~ a= relatively soft bottom and that more than 85% of the length of the roof i io : wi 


in Fig. 82), the bottom of the is almost consistently firm and the major = 


x of the roof is located within medium stiff of who ni 
‘As a supplement to the aforementioned routine tests, Atterberg limit and 
2 
number of samples. They furnished the following data, which may serve for 
comparing the Chicago clay with soft clay deposits in other localities. The 
: na plastic limit w, of the uppermost and softest part of the soft clay deposit (desig- ee baie 
nated as stratum b) was about 19% and that of the lower, stiffer part 18%. 
‘The corresponding values of the liquid limit, wz, were 40% (exceptionally up 
eer. ae 50%) for the uppermost and about 30% | for the lower part. For the hard- — a 
P e. pan on contract D-3 the values wz = 18% and w, = 14%, indicating a non- a _ 


+ ~ hardpan | the values wz = 21% to 25% and t w, = 16% have been obtained. “- 
— Triaxial compression tests at constant water content after complete con- 4 
a ' PM solidation under different hydrostatic pressures up to 4 atmospheres | have been 
a es: made on two sets of samples. One set was for the stiffer clays i in the lower — 
aia part of the stratum b and the other one for the softest material which is occa- Z : 


_ material, and for the hard blue. clay at the upper boundary of the a 
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first series were by P. Cc. Rutledge at University i in ‘Latayette 
sg ~ Ind., and those on the second series by D. W. Taylor, Assoc. M. Am. Soc. C. E., 
“¢ Massachusetts Institute of Technology in Cambridge, Mass. — The tests 


o- because they have no omy to the ‘shearing 1 resistance of the clays in cor 
nection with cut and tunnel problems. 
\ a _ Cost and Degree of Efficiency of the Soil Investigations. —The cost of the ‘ 
ee borings was about $2 per ft of drill hole. The soil tests rec required for preparing 
the soil profiles ‘included about 6, 000 nonconfined compressive-strength tests 
‘ea about 25,000 water-content determinations. The cost of boring, testing, — 
§ a and plotting amounted to to about 4 42¢ per er linear foot of single track of subwa 
a ‘Considering the importance of knowing in advance the general character of the 
soil conditions for the different contracts, these costs are insignificant. 
a Two years of experience with soil investigations on the subway led the writer 
to the following conclusions regarding the relative merits is and shortcomings of of ee 
; 4 the adopted procedure: In general, the type of boring, the spacing of the borings, 5 
and the program for soil testing were satisfactory. However, the stiff crust 
| a) located above the soft blue clay deserves more attention than it 
received, because its shearing resistance has an important influence on the 
= on the temporary support in tunnels and open cuts. Along open cuts © 
Es bas spacing of the drill holes should be reduced to not more than 100 ft, and the : 


_ point where the data can be used to considerable advantage i in the design of © 
the bracing system i in the open cuts. (This phase i is demonstrated in the pap 

by Mr. Peck in this Symposium.) 
For most of the tunnel sections of the subway 
is ‘sufficient because the results inform the engineer whether | the section pee 
: “good,” medium, or “poor.” Ifa section is “good” or medium, he is not in 
iS terested i in finding out how w “good” it is. is. However, at the > danger spots, wher . 
ie? the clay i is weakest (intersection between South State Street and Sth Street ee aes 
intersection between North Clark Street and Division Street) intermediate 


‘es esceseres per 2}-ft section, because knowledge of this subject hes advanced to a 


total of 5.7 miles of the double tubes of the were pconstructed 
by the light liner-plate method and the remainder, with a total length of 2.0 3 

. ‘tiles, by the shield method. The contract price for the shield tunnels was 

a approximately $580, and that for the liner-plate tunnels only $270, per linear 
* foot of a single tube. However, the liner-plate method cannot be used safely | 
a unless the temporary support of the tunnel is capable of withstanding the clay ee 
Re pressure, at least for a short time, in the event of a complete blowout, and in ~ cs Bee 


bie - eoft ground it cannot be used at all on account of inadequate support of 
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the roof of the tunnel can of of Eqs. 1 and 2. 
Early i in 1939, when the choice between liner-plate and shield ‘metliod had 
to be made, the writer did not yet know to what extent the nonconfined com-— 
a 4 _ pressive strength of seamless tube samples cot could be relied upon as & measure — ae 
for the shearing resistance of the clay in connection with tunnel and open-cut 
_ problems. Nor did he know to what extent progressive failure is likely to 
influence the shearing resistance of the olay | located above the tunnel. He 
E a Ba: had to depend on what he knew ew about the | shearing resistance of soft clays from = hme 


; cy f previous observations on clay slides. On the basis of this experience he as- a 

- sumed that this resistance is approximately equal to one half of the noncon-— - OF 

fined ¢ compressive strength of seamless tube samples. this assumption he 
4 made a rough estimate of the chances for the survival of a liner-plate support 4 
in the worst section of the subway . Since the assumption was not yet con- Py 


= ? “mates as an argument in favor of the shield method on the southern routes. a 4 
He merely advocated this method on general principles, without theoretical 
comments. Based on their construction experience, other members of the or- 

- ganization alee insisted on wing the shield method on the southern routes in oe 


= 


Pa 


samples. Hence the writer feels justified i in recommending Eqs. 1 and 2 for ~F 


equal to one half of the nonconfined compressive strength of the seamless tube & 


general use in connection with tunneling in softclay. == = 
Danger-Spot Method for Deciding Between Liner- Plate and Shield. —On 
count of the great difference between the cost of the liner-plate and the shield eS 


and of the disastrous consequences of misjudgment, it is of great prac- 


tical importance to make the choice independent the ‘Personal equation. 
The following i is an attempt to o accomplish this purpose. 


Since a blowout can occur at any stage of the investigation 
aa B needs to be made only for the weakest spots. _ These spots were located at the 

3 , of South State Street with 8th Street south of the Chicago River — 


(danger spot I, Fig. 8(a)) and at the intersection between Division and Clark | - 
streets, north of the Chicago River (danger spot II, Fig. 8(b)). The conditions '' 
es a for the validity of Eqs. 1 (presence of an exce ptionally stiff stratum on both — 


sides of the tunnel) are not satisfied at either one of these two spots. There- - 


y 


to placing the concrete. The unit weight of the soil 


— 
a 
3 ann yy aes of what amounted to a majority vote in favor of the shield on the s as 
During the succeeding two years the observations in open cuts demonstrated > 
— 
— 

— 

@apacity A gp per unit of length of one row oi footings, the equation 

in which A ie the area af the hace nf ane raw af fantinge ner fact af tunnel and 
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“The shearing force Si in n Eq. 3i is 


he: clay stratum b which i is above the level of the horizontal struts in the tunnel. ss * 
Bs The shearing resistance of the silty sand was computed on the assumption that pe 
the ratio between the horizontal and the vertical unit pressure at any depth is Da ‘3 
24 equal to 0.45, and that the angle of internal friction is equal to 30°. The ef- ss 


3 fective shearing resistance of the clay i is assumed to be approximately equal to 


one half of the nonconfined compressive ‘strength of the seamless tube samples 

obtained from the test borings at the danger spots (in pounds per square foot) 
for the two danger spots. - Under normal operating conditions the air pressure ‘ 


a 
ey 4 e Dai in the tunnel was approximately equal | to 12 lb per sq i in. ., OF 1,730 Ib cere 4 


aa 


solved. _ The principal items are indicated i in Fig. 9a) under the 
According to to the results of the the value A gz per linear foot 


is II is equal to 30 kips. ‘The largest footings used on the subway cover an area 


= bed of 2 sq ft per ft. Hence, in the event of a complete blowout the footings would . j 
a ar have to sustain a pressure of at least 16 tons per 8q ft at danger spot I and 8 os 
tons per sq ft at danger spot Il, respectively. At neither site is 1 the non- 4 
Sy confined compressive strength of ‘the clay immediately beneath the base of z 
x ‘the footings greater than 0.8 ton per sq ft. The corresponding ultimate bear- _ 


ict. i vee ing capacity gp is about 4 2.0 or 2.5 tons per sq ft. _ Thus a liner-plate ‘support — 


i of one row of footings at danger spot I is equal to 55 kips and at danger spot — 


one of the two danger spots. _ However, on the southern route, similar unfavor- _ 4 


northern route they are limited to a section with a length ofa a few hundred 

normal operating conditions the minimum requirement for the ultimate 


ik bearing capacity A A @ per unit of length of one row of footings is detérmined — 


th gD = (W - s- Pa) — (2 Qr +n) A (4) 
‘Asuming Pa = 12 Ib per sq. in. = 1,730 Ib. per sq ft, and A = 2 ‘sq q ft per ft, . a 
‘ me obtains, for the individual items | on the right-hand side of this | 
io — values indicated in Fig. 9u nder | the heading “Normal Operating Condi- . 
= tions.” 8 For danger spot I the value of A gp is equal to 17.4 kips per ft or or 4. be.) & 
lz tons per sq ft of the footings and for danger spot II it is negative. Since the ~a 
_-—ss ultimate bearing capacity gp of the clay a at both spots ranged between 2. .Oand — 
a es .5 tons per sq ft, the temporary support of the roof would have failed on the — . 


southern route under normal operating conditions not only at danger spot 


Be Ss 


but also at several other - places. ‘Therefore, the decision | to use the shield 
a 2 method on the southern routes was based on sound judgment. On the northern — 
route the liner-plate method was adequate everywhere, under normal operating 4 
conditions, because it was adequate at the danger spot Il, 


Vex 


ft in excess of the atmospheric pressure. By means of these data, Eq. 3 can rs ~— * 


er not sustain the clay pressure in the event of a complete blowout at either — xi 4 j 


Ay 


ie aes of arching is roughly 120 Ib per cu ft. | 

q 

q 
q 
4 | 
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sewer tunnels | were built ax light 


at an that of the subway tunnels s and the width o of the tunnels has an ‘important "s 
4 ag influence on the success of the liner-plate method. By repeating the computa- 
et tion illustrated for ‘ ‘normal operating conditions” in Fig. 9(a), for a tunnel with 
a width and a height « of ‘M4 tt ft instead of of 20 ft, the pressure on the footings i is 
4 found to be equal to 1.8 tons per sq ft against 4.3 tons per sq ft. Since danger - 
spot I represents the weakest spot on the entire Jine, a 14-ft tunnel could be ; 
beneath South | State Street by means of the liner- -plate method at 


an Fertargack of 12 Ib per sq in., , provided or ore could be certain that there is t 


nfluence of Size of Footings ‘on the Safety of 
‘athe computations it was assumed that the area covered by the footings © he 
of each Tow ise equal to 2 8q ft per ft. On the job the area of spar yan 
ranged between 0.8 and 2 sq ft per ft. ~ According to the blowout conditions 
illustrated in Fig. 9(b), the value of A gp (required bearing capacity for the a 
footings) is ‘negative for the danger | spot IL P ‘Hence on ¢ the northern routes 
under normal operating ‘conditions, the smallest footings are large enough. 
However, in t the event of a serious blowout, the temporary support on the 
roof of the tunnel may fail only on account of inadequate size of the footings. a 
Therefore it is advisable to specify, in the future, a lower limit for the size of s eek 
the footings. — This size can be computed for each contract by means of Eq. 3 a 


on the basis of the least favorable conditions disclosed by the soil profile, ie is 


a of the clay on the tunnel tubes are stated in Section I. To verify or modify _ 
_ these conceptions, the Subway Department decided to determine, by direct 
~ measurement , the change i in the shape of a fairly flexible - experimental tube 
designed on the basis of an arbitrarily selected value for the ratio between the __ 
horizontal and vertical pressure in the clay. tte 
According to the results of experimental investigations i in the. 
ide appears likely that the ratio Ko between the horizontal and the vertical unit — “ a 
Pressure at a given point in a sedimentary deposit of sand is of the order | of ine 
‘magnitude of 0.45. * In a normally consolidated bed of clay such as the soft 
blue clay in Chicago, this ratio is likely to range sana, 2/3 and 7/8. 
types of soil it is less than unity. ip. mo 
Pa _ During the process of mining, the horizontal pressure in the « clay | on both a 
sides of ' the tunnel decreases from its normal value to the value of the air 
Pressure, that | represented the average ec equivalent of the weight of a 15-f 
layer of clay. The overburden had an average depth of 35 ft. On the othe 
hand, immediately beyond the zone of arching represented by @ shaded are 
‘ in Fig. 3(b) the vertical pressure is considerably greater than the nc socal 
_ overburden pressure because the clay beyond this zone carries both the weight — 
the overburden d part of f the of the above the t Hence 
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the of the is by a ‘relatively rigid 


ranges between 2/3 and 7/8. It most likely that 2 is approximately| 
establish an difference between the stress which 
exist j in the vicinity of a rigid tube and those imposed upon the clay by a 
-flexible’.tube, it was decided to give the flexible experimental tube a yo 4 ae 
gross section. If it is subjected 
Cpa qual all-around pressure, — 
shape of the tube remains 
unchanged . On the other hand, 
the horizontal pressure in the 
clay is less than the vertical 4 : 
h. pressure, the tube flattens: until 
= Chicago City a similar state of stress is estab- 
lished. A tube with very thick 


walls is likely to fracture during 


Stee! Ribs (Two 7-In @ 14.75 Lb) Liner Plates 
on 2-Ft Centers 2" " Thickness 
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Process of ‘adjustment unless it is heavily reinforced, whereas a tube 
with thin walls undergoes. only elastic deformations. To design a tube in 


ne such a manner that it does not break necessitates knowing the magnitude 


the deformations involved. the core of was 
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= ining tends to reduce the averag 
— the process of mining ten a 
— 
— 
igh 
— 


; “the measurement of the deformations. — As a y-product, information on the 


intensity: and the distribution of the contact on the base of the invert 


Experimental Section on Contract S-6.—The section, shown in 


Fig. 10, is located on contract S-6 between Station 201+47 and Station 

201+68 in the southbound tube, which was the first constructed. It ha: 

length of 21 ft. Above the wall beams the tube i is composed of steel ribs on 

_ 2-ft centers curved to an inside radius of 9 ft 7 in., with steel liner-plates bolted - 

fe the webs of the ribs to span the space between the ribs. Apne manner aby he 


SS 


‘alls no THROUGH CARLSON CELL SLABS 


PLAN SHOWING LOCATION OF DEVICES 


on or Pressure Deviczs, EXPERIMENTAL SEcTION, Cowraacr 8-6 


- erecting the ribs and of the liner-plates was the same as that for contracts — 


ribs and. “were used for The ribs 


& the wall beam, normal construction the 
... vertical steel ribs supported on wood bearing blocks. To avoid complica- 
tions in the erection procedure, this method was adhered to to and the concrete 
_ invert was poured as usual. | ‘The brackets were subsequently fastened to the 4 
vertical ribs below the wall beams. The hinge was supported on the concrete 
invert. After erection of the brackets, the vertical steel ribs were burned ~ 
through ‘above the invert. The s space between the liner-plates and the clay a 
was filled with wood blocking grouted with sand-cement grout. = = = 
To measure the distortion the ribs, five steel reference beams were 
located as shown in Fig. 10. They are designated by NL, NU, C, 8U, and SL. 
aes ends of the reference beams were supported by steel 5~ 0a embedded i in 
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: ~ experimental section was utes independent of the adjacent concrete sections _ 
by means of sliding joints. The distance between the ribs and the reference | 


; a beams» was measured between two gage points by means of of a pair of of calipers ; 
and a steel scale reading directly to 0.02 in. 
ae In addition to the distortion measurements, provision was made for strain Ea 
_ readings on the ribs themselves. On the circular section above the wall beam, _ 
ty) eight 2-in. and four 10-in . gage lines | were located on the | center line of each — a 
ee. rib to determine the compressive stress i in the ribs. Many others were located — t 

on the ribs below the wall beam. In all, 840 strain-gage lines were established i 

‘The holes were drilled and initial readings } were m. made while the steel was still 7 

located at the fabricating plant. Readings were made with a 2-in. and a 
10d Whittemore strain gage, using a mild steel standard bar to eliminate the a 
The principal features of the invert section are shove : in Fig. The 
center line of this section is at Station 201+76, approximately 8 ft cn the - 

end of the arch experimental section, in a part of the tunnel fully lined with 
in the customary manner. Carlson cells “were re used to measure the q 
contact pressure between the bottom of the invert and the underlying soil. a 
= contrast to the readings on the Goldbeck cells, those on Carlson cells can ~ 2 


= be made without displacing one of the of the cell with 


The bearing area of the Carlson cell is 30 sq in. as compared with 10 sq in. a 
te the Goldbeck cell. _ Nevertheless, it is by far too small for obtaining (by A a 
any reasonable saietand of cells) a fair average of the contact pressure on the 
: i of an invert with a width of about 20 ft, supported by the natural ground. 
: ae In order to. overcome this difficulty, the writer proposed constructing larger sd 
units that consist of heavily reinforced, rectangular concrete slabs. 
ae dimensions of these units are given in Fig. 11. Each unit rests on the iis 
atural ground | and the intensity of the contact pressure on each unit is mea 
_ by means of three Carlson cells located between the top surface of the 
concrete slab and the concrete invert. Two of the units, placed beneath ve E 
- steel ribs, are 2 ft by 2 ft in plan and were pre-cast so that the entire assembly 2 
Bees slab and the cells could ‘be set beneath the rib instead of the wooden 


‘They were cast in place | on ‘the invert soil in channel forms 8 in. dew: 
~ rounding each slab was a second channel frame 9 in. deep i cop Bo 
e: between the two frames of 1/2in. Thisspace was filled with porous cork board _ 
ie __ to prevent the entrance of concrete. On top of the measuring slabs, stee 
‘ a t the ent f te. On top of the lab = 
— plates were bedded at the location of) e Carlson cells, an ec s were 
q Oey lates were bedded at the location of the Carlson cells, and the cell 
fal oa _ seated on the plates with plaster of Paris. ~The part of the slab not covered — 
oe by Carlson cells was | built up to a height of the outer channel frame with = 
cork board and covered with a metal sheet to prevent the invert concrete 
coming into contact the over ot. Cork board 


y 


— 
— 
¢ 
q 
4 
4 
‘ 
a 
i 


was it was rigid to compress only. 0.1 in. under 
* 3 “the weight of the fresh invert concrete, but sufficiently compressible to carry — 
no appreciable part of the load after the concrete had set. = Indoaenltoqza a 
Because of. the wide previous use of Goldbeck cells, it was consid dered 


be - compare the readings with those obtained by means of the Carlson cells and 
the strain gage readings in the ribs. Accordingly, one Goldbeck cell wie 


e placed opposite each Carlson cell location in the central part of the invert as a 
indicated in Fig. 11 (cells P to U). Each Goldbeck cell was attached to a 
= length of flexible high-pressure tubing in the laboratory and ail connections 
- made, so that no piping or field connections were necessary. Each cell was — 
i 7 face down on the clay surface and carefully bedded. It was then — 


_ anchored i in position and i eventually “covered by the invert ; concrete. eek Se 


oe Finally ; a group « of five water-pressure measuring devices was installed for 
the purpose of measuring the hydrostatic | pressure in the we water contained in ae 


ap 


“Results Observations. —During the period the following 


y 29 Invert section completed, initial readings 


salle 
Mareh 23 Hinges in arch section freed . 


ch 30 drop of air pressure from 11.5 an 
n the to o 8 lb per sq in. while the second tube 


as 


Me 12 shows the deformation of the tube at different stages before and : 
as the removal of the compressed air. During the process of mining, the — Che me 
arching above the roof of the tunnel i increases the vertical pressure in the clay eS Gg 
in the vicinity of the boundaries of the zone of arching over its normal value. ee | 
- While the second tube was mined part of the weight of the clay located above —_— 
this tube was transferred to the north half of the experimental section. The i 

asaya of the vertieal clay pressure on this part caused by mining the second ; 


“Fig. 13 the between time and the horisoatal. 
of the p points NL and (Fig. 10), respectively. Both | points 
= outward, which indicates that the initial ratio between the horizontal — 


and pressure ir in the clay was smaller than ‘unity. A 
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Be _ part of this movement occurred at time ¢ = 8 days, while the second tube was 
eset mined. _ Since the second tube was located on the north side of he 


q a = _ experimental section the point NL moved much more than the point SL. 
_ After a period of about 500 days both points became practically stationary. a 
a re The final displacement of NL’ was 0.375 in., and that of SL was 0.210 in. 


(4) Position 2 Months After 


"Passage of Tube Il (4- 1-40) 


s ¢ 3) Position 6 Days After Air Removal (9-4-41 


oda 
Scale of Distortions 


a. 12.—DisTorTION MEASUREMENTS, 

Hence the horizontal diameter of the’ tube did n more 
0.58 in., which is an insignificant amount and much smaller than the writer 
anticipated. Almost one half of the increase occurred during the. first, two 


"The results of the pressure-cell ‘readings are shown in Fig. 14 . The two 
horizontal lines represent ideal cell readings computed on the assumption t that 

_ there is no arching above the tunnel and that the contact pressure is uniformly — 
distributed over the base of the invert. They correspond to the states before — 
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: the weight of the overburden. This i is shown by the position of the _— 
marked 3-26-40 with reference to the upper horizontal 


“B (No Air Pressure) 


14 


ried stg 


Levert Parssuns Castaon ( Stans, 


difference between the weight of the overburden and the air 


- Removal of the air induced a temporary revival of the arching effect. The — 
“final value i is again fairly clos to the weight of the overburden. ‘Along the 

outer edges of the invert the unit contact pressure is somewhat greater than 

* the average contact pressure on the central part of the invert. This is chiefly 

=. consequence of establishing the footings for the arch ribs before the invert 
is poured. While the second tube was mined, the unit pressure along the — 
northern edge of the tube became permanently greater than that along the 


Sm edge. The reason is identical with that for the unsymmetrical 


deformation of the rib. ‘However, all these deviations from the uniform pr pres- 


a - - sure distribution are not important enough to deserve practical consideration. 
aa All the Goldbeck cells remained in operation and gave fairly consistent 
esults. 3 However the ibeiedt'te rea adings are so scattered that they give no 


4 gee 
if 
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106.5 
So a The water-pressure 1 measuring devices still fail to indicate | a pressure in 
¥ e water below the invert, although the base of the invert is located at en 
aa er depth of | about 30 ft below the free water table and at about the same depth — 
below the lake level. his fact and the results of other independent observa- 
- tions seem to indicate that the tunnels act as drains in spite of the thickness — 4g 
of the walls and the liner-plates which cover the outside of the tubes. e, SER .7 4 
Application of Test Results” to the Design of Tunnel Tubes. —As stated in 
oes Section I, the design of the tunnel tubes was based on the: following assumptions: os 


oi me) ‘The rai ratio K betw een the horizontal and the vertical unit pressure | has 
@) K may have any value between 1/3 and 2/3; 
(3) The presence of the tubes has no influence on the stress it in 
As tions i is the following: The arch is given such a shape that the bending momen z 
are equal to zero for | some value of K intermediate between 1/3 and 2/3. 
D>: "Then one computes the bending moments on the assumption that K is equal — 
i to 1/3 and 2/3, respectively. F Finally, one selects the thickness of the arch : 


5 


nny and the amount of reinforcement such that, for both extreme values of “i. 


stresses in the walls of the tube are within the allowable limits. = 
es er _ This or a similar method of computation led to then result shown on the 4 Bn 
a = -hand side of Fig. 15(a). At the crown the arch has a thickness of about = 4 
2 ft, at a thickness of 2. 5 ft, and at level of the rails a a 

sufficient to change the state of stress in the clay in such a manner that no . . ; 
stiff, walls are required to to withstand the pressure of the clay, provided the 
following | conditions are ‘satisfied: . First, the shape of the arch should be such 


a that the bending moments in the arch are equal to zero for any arbitrary value _ 4 
of K intermediate between unity and 2/3 or less. Second, the arch should be 4 
thin enough to follow the deformation of the clay ‘without rupture. — However, 

a even a local failure does not endanger the tunnel. Railway tunnels with 4 

thick walls have survived a settlement a at the ) crown | of more than 1 ft an and an 

irregular. distortion of. their shape. the. under consideration 


a 


—o = _ indication of the true distribution of the contact pressure as disclosed by the — 3 ¥ d 
following data represent the summary of the results of measurements 
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.. has a thickness not exceeding 8 or 10 in. | No harm is Seta if the shell is poe 
§ 6 in. thick in some places because the steel ribs alone | are sufficient to carry eS 
‘pressure of the clay. The mining is done’ by ‘using the light liner-plate 
~ method without any modification. The ribs (6-in., 20-Ib I-beams) have a 
shape. i$ They do not differ from those used before except 
they are provided with brackets as shown in Fig. 15(6). After the 
mined the Cri is conereted. The lower ends of the brackets are buried 
. 4 in concrete. _ After the | concrete of the invert has set, the vertical legs are * 
‘burned at paint a whereby the pressure due to the overburden is transferred _ 3 
on to the brackets. | Then ‘the surface of the concrete between a and b is ua 


covered with cork board, to provide some flexibility for the connection between 
the arch and the invert. Finally the archis poured. = ete reer 
it has been mentioned that almost one half of the deformation of the — 
experimental section occurred within the first two weeks after the hinges were ane 
Be freed. The subsequent increase of the horizontal diameter of the tunnel did z 
not exeeed 0.3 in. Therefore the concreting of the arch should be postponed — 


until the second tube has been mined or, preferably, until the ¢ air is s turned ‘off 


at 
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ae _ blowout has no more harmful effect, because the invert is designed to carry By 
. the weight of the entire overburden, without. the assistance of compressed air. ae 
a a One might object that a tunnel tube with thin walls may be less likely to cc E 
ee suffer the consequences 0 of a subsequent change in the state of stress i in the clay — as 
(for instance, due to excavation in the vicinity, or the construction of a building a 
a with shallow foundations) than a tube with thick walls. In the writer's 
opinion, a tube with thick walls is much more sensitive to a change in the 
.: state of stress in the clay than one with thin walls, When supported by the a 
i eg walls of a flexible tube without any gap, the clay is very much stronger than - 
any reasonable amount of reinforced concrete which m may for 
difference between the two illustrated Figs. 15(a) and 


7 _-15(0), respectively, can briefly be described as follows: In the case represented — x 
Fig. 15(a) the designer i ignores the virtues of the clay and must pay forit. 
the other case, Fig. 15(0), the designer trusts the | and the clay deserves 


* 


In 1938, when the Chicago { tunnel tubes were a it would | have been 

reckless to propose the. design shown in Fig. 15(a), because nothing positive ig s 

_ was known regarding the magnitude of the deformations required to establish, ce 
permanently, an arbitrarily chosen state of stress in the clay. The method 4 

a. - computation that was used was the « only one which could be relied upon, 
% ae However, on account of the fact disclosed by observation in the experimental - a 
section the method of design illustrated by Fig. 15(6) becomes worthy of 


serious consideration. A tunnel tube with 8-in. walls can withstand , without 


. the deformations of a tube with a slightly elliptical cross section, can ~ 


to assume changes from place to place in 
. However, the character of the clay changes very gradually both in a horizontal 
and in a vertical direction and the concrete is capable of very considerable — 


<i It goes without saying that Fig. 15(b) merely : serves to illustrate the existing 
theoretical possibilities, In practice the imperfections of the ‘methods of 


tion without losing its strength. — ‘Therefore, the writer = 


=e Station 87+-55 and Station 88+-00 on contract 8-3 (Fig. 1) (see Footnote 2a). a Beye 


ee a9 Ther results of the observations in this section were at least as encouraging as 
ms those already described. _ The cost of both experimental sections and of the — 
to date to $35,000—or 45¢ per linear font of 


ay, 


serious harm, deformations ten times greater than those observed. Further- q 
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to. coun science if permission had been granted to keep the experimental : 
sections permanently accessible. taking advantage of the facts disclosed 


among the following items 
Establishment of! level points on the buildin slong the 
toa (2) Establishment of level points on th the street surface above the subway ‘ 
es ‘Shag Daily readings on all level pointe 5 in the vicinity of the: mining operations 
s (4) Measurement of lateral movements of adjacent buildings; and vat 


 ® Construction of plots showing the level readings a: and a tabulation of a 


The bench marks were established beyond thet range of possible movements 


. = to mining. Three readings were taken with reference to the city datum 
and the ‘Mean was used as the elevation of of the bench. Level ‘Marks were then 
placed on “all columns, walls, machinery, or other important parts of the 
ailing. The initial elevations of th these marks were checked in : 


Be sic In the 1 vicinity of the seat of mining operations, readings were taken daily — 


Bs or as often as needed. At times readings were made every two hours for * ay 


24-hr period. Level parties were on call at all times to take care of emergencies. 


Experience showed that the settlement does not extend beyond a distance o 


about 75 ft from the lot line on each side of the street. Hence few readings — so 


weremade beyondthisdistanc. 

The results of the settlement observations were condensed into settlement 
+ profiles containing the maximum settlement of the street surface due to mining 
for each of the two tubes individually, the maximum total settlement 3 to 7 
a 20 days after removal of air Pressure, the ; air pressure at the time of mining, Be = 
pt the distance between the end of the finished tube and the working face, a and 
Te: finally general information concerning the soil conditions. The files of the 

Subway Department also contain c complete settlement profiles on 20-ft inter- 

vals, The cost of the settlement observations amounted to $2:75 per linear 


General Characteristics of the Street Settlement. —Figs. 16(a) and | 16(6) 


characteristic settlement ‘profiles. of the street surface above a ‘twin 
Bi and Figs. 16(c) and 16(d) are similar profiles taken above double tubes. 


is each figure the ordinates of the lower curve represent the settlement due to 


construction of the first tube = settlement until the w was ‘conereted 


we ngle-track subway. A considerable par 
ished, which was not inc 
_ereting these sections after construction was finished, 
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cust 
= = settlement until the working face of the ti 
profile). 4 The ordinates of the upper curves represent the 
settlement due to the construction of the second tube. (Curve II is the 
between the time when the working face approached the 
and the time when the was and is the settlement due 


ny 


TOY 


ARACTERISTIC Serra ent oF THE SuaFace 
second tube until the air was off.) broken-line curves 
3 reversed i images of theeurvesI. They facilitate a comparison of the settlement _ 


due to mining the first tube with that produced by mining the second tube =. 


e movements ‘produced by these two ‘mining operations were ‘identical, 
broken-line curve should be identical with curve II. 4 
ss The profiles disclose the following general characteristics of the settlement: Ms 
the greatest settlement due to mining the first tube usually ‘occurs near the 


_ middle of the street and not above the center line of the tunnel. | This seems mg a 


- to indicate that the change of stress in the sandy top layer increases the = 
of this layer to being compacted by the street traffic. This 


Si 


interpretation is corroborated by the observation that the settlement of the a 
street surface is commonly greater of underlying 


‘tet 
— 
— 
—— 
= 
2 
7 
— 
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al 


nd. On: the other hand, the greatest settlement due to mining the 
ae tunnel is usually above the center line of this tunnel because at the time the 
second tunnel was mined the sand was already compacted. 
ee ‘The greatest settlement due to mining the second tube on a twin tube 

~ section is almost invariably much smaller than that due to mining the first 
one. Figs. Psy and 16(b) (and subsequently, Fig. 18) serve as examples. 


be associated with the above the tunnel. If the second tunnel of 
7 twin tube i is . mined, one side of the zone ne of geting 8 is located above the rou 


disturbed while mining the first tube. Every disturbance inevitably 

the pe adjoining buildings with shallow footings represent an undesirable but : 

acompaniment of ti in Even the expensive shield 


& following is a list of the a complete et of squeeze 


(a) Complete Record of Excavation and Constiustion 
record consisted of an hourly tabulation of th the location of each of the jeitionn = “ 
& (0) Measurement of Lateral Inward Squeeze of Clay Walls. —As soon as 
the clay on the sides ) of th the tunnel was exposed by excavation, a ‘steel rod was 
three into the clay on each | side of the tunnel and the distance between the 


4 
and on the footing blocks in in to determine whether or not vertical 


spearheads were into the woking face | tos a distance up 


ver 


1e — 
everywhere very much greater than that caused by mining the first tube, 
— 
— 
ne second tunnel OF & double tube Is Mined, OF TWO SUpports hemass 
4 
= 
___avoidable_and unavoidable settlement, one must_examine the individual 
im 
>= 
= 
a 
— 
movement of the legs of the arch ribs was observed and recorded. 
be. ‘4 i a (c) Downward Movement of the Tunnel Crown.—A steel rod was driven 
the = 
ms 
—_— — 


wr 


oe th pt 


(1) (3). 8 AM Apr. 27 


(4) 8 PM Apr. 27 a 
6) 12 M Apr. 28 
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ie 


Removed 9 PM Apr. 27 to 4 AM for. 28 


LOCATION OF REFERENCE POINTS PROGRESS AND LOCATION 
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Shortening of Cross-Tunnel Lines, in Inches _ 


Spearheads; No. 1 set 19 ft beyond face 3:00 p.m; Apa 25 
No. t, mining, bre 
At working face after mining No movement 24 hr while face was standing 


* Toward excavation during mining. 
mDs OF SquenzE UTHBOUND 20-29, 1939 
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Pee ren could be inserted inside the pipe was then used “ push the spearhead — 
sey away from the end of the pipe and leave it surrounded on all sides by clay. 


Sate _ After the spearhead was | ejected from the | pipe, but while the rod was still in 


eh contact with its rear end, the distance between the spearhead and a reference 


ay point i in the completed part of the tunnel was m measured. a second measure- 


ment was made when “the spearhead was uncovered by excavation. The 
— s "4 difference between the two measurements is equal to the inward movement oes 
the spearhead during mining. In one instance the spearhead was connected 
at with a steel wire that protruded beyond the ‘original position of the working 


“face. _ Thus it was possible to ascertain the position of the spearhead at 


Soil Characteristics. — The boring data were supplemented at 
ete ps *Se localities where squeeze measurements were made by soil tests on numerous — 
soil samples taken from the heading during the period of observation. 
fee  (g) Air Pressure, Etc.—A record.of the variations of the air An was 


obtained from the recording gage at the engineer’s office. other construc- 
were 


caref ully observed and recorded, 


Fig. Ww represents the of a squeess on contiact 8- 
_ which was the first contract awarded. Fig. 17(a) is a plan of the street a 


for settlement observations are located on transverse ines and the 
Oe ~ settlements are plotted from these lines in a horizontal direction | toward ‘the ee 
fare - As a result of this and of subsequent tests on this contract, it was _ 
found that part of the settlement above the tunnel was due to a lateral move- aA 
Fy ‘ment of the clay toward the tunnel an 
empty spaces between clay and liner- Hence on the subsequent con-— 
tracts efforts were made to reduce the importance of two soure 
settlement. These efforts were remarkably successful. 
nfluence of Construction Procedure on the Settlement of ‘Street 
=  : conspicuous example of the influence of the details of construction on the sae 
settlement is shown in Fig. 18, which represents the settlement of the street 
- surface on both sides of the boundary between contracts 8-5 — 8-6 on North Rd 
Contract 8-5 was the first to be awarded. The -sele cted 


without the aid of a wall beam, by means of the meni illustrated by Ebr, 
‘Fig. 2(a). However, r, each operation of mining the side pockets and erecting 
segments below already completed portions removed most of the support 
afforded by the rib to the e clay | overlying the tunnel. As a result it was fre- en ne 4 a 
quently found that the crown segment settled as often 1 as a lower portion. was aK 
ie added to the rib. By the time the footing blocks at the base of the ribs were ~ 
placed, the Tibs had d undergone & considerable downward ‘Movement. 
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Settlement, in Inches 


TUBE II 


Settlement prior to pouring concrete in Tube I, southbound j | 
Settlement prior to the approach of Tube II, northbound wd), a 
: | Increase in settlement between the approach of Tube II and the beginning of concreting vi 
Increase in settlement between the passing of Tube II and the removal of air pressure __ 
A | To Total settlement 12 to 25 days after the removal of air pressure 


— 
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ower elevation than others. size of the footings was ‘equal to 1 


P — in the ti arte from an air line . One gained the i impression that th 


_ grout did not penetrate all the empty spaces. However, the influence of these — 
i of construction on the settlement of the street surface was not known 
because i in former oro no systematic 1 records of the ‘settlement of the street 


the street surface were clearly recognized it was relatively simple 


of inserting a wall beam between the curved and the See part ofthearch 
= approximately at midheight of the tunnel. The wall beams prevented 
the settlement of the crown. By bracing the wall beams against each other 
- with horizontal struts it was also possible to reduce the lateral movement of. 


. q the clay toward the tunnel. Another important step consisted in changing 2 
a the method of grouting. On contract S-6, instead of attempting to fill th 


space between clay and liner- plates v with sand-cement grout, wood wedges. : 
were driven into this space until the voids were almost completely eliminated. — 
: ir the third step a mining templet ' was used, cut from a piece of 1-in. by 8-in 


- lumber which served to check the accuracy of the upper working face without 


a actually lifting the crown rib up to the face. Mining was thus simplified to 


The effect of these improvements on the settlement of the street ‘surface j is 

_ demonstrated by Fig. 18. The soil conditions were practically the same on ah 
- both sides of the boundary between contracts 8-5 and 8-6. Above the north . 
¢- of contract S-5 the settlement of the street surface amounted to 6 in. 

and more. By taking advantage of the experiences gained during the con- 


struction of S-5 it was possible to. reduce the settlement to 24 or 3} in. . above 


/— Although the s ettlement above contract §- 6w was very much smaller than 


it was above §-5, there was ample evidence, that the pressure of the clay on 
the te temporary support of the > clay on | S-6 was also smaller. These and similar 
z _ observations lead to the following conclusions: To obtain the best results both oS 
in the tunnel and on the street surface, the clay should be given as little oppor- 


tunity for deformation as possible. € Even if everything has been done to 


; prevent ¢ deformation, ‘the deformations are still important enough to ‘mobilize 


a all the strength inherent in the clay. In this respect the undisturbed soft 


clay behaves like a solid with a a high modulus of elasticity. of Very small defor- 


- mations suffice to stress it to the point of incipient failure. Any further 
deformation reduces the strength of the clay. On several occasions the writer 
i ao the i impression that the soft clay actually breaks before it becomes 5 plastic, — 
__ because both grout and air were found to escape from the tunnel through a 


t 
| 
oT wlth the y the method of construction on the later ae = 
e results of the observations. in accordance 
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or Clay toward the suriace Without a 
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fee 


communication between tuntiel and the surface 
— 
By reducing the deformation of the clay to the smallest amount 
with the general method of construction one also reduces (on Chicago tunnels) 
the danger of breaking the stiff top crust of the soft clay. According to the p 


_ diagrams of blowout conditions in Fig. 9, the shearing resistance of this crust — 


Be (stratum a) represents almost 40% of the total shearing force associated ¥ with = - % 
— arohing above the roof. This crust cannot stand as much deformation as = a. 
other strata. As soon as it breaks on account of excessive settlement of the 
= crown of the tunnel, the shearing force S decreases instantaneously. In the a 
writer’s opinion the remarkably low values of the settlement above ‘contract 
§$-6 were due partly to the stiff top crust remaining intact. This opinion “a 
by the observation that the crown of the tunnel on § S-5 settled 
4 continuously but by jerks which occurred as often as the working face g 
through a distance of about 20 or 25ft. 5 
Squeeze Measurements as Danger Signals.—The squeeze measurements 4 
described herein proved to be very enlightening for both the engineers and the 
contractors. Therefore it became customary for the contractors to request: ti 
squeeze measurements whenever the clay in the tunnel seemed to behave 
al Fae abnormally or the settlement of the street surface increased for no apparent — ss = ‘ 
 Feason. Thus the squeeze measurements served unintentionally as & safeguard 
has been stated before that the strength of the clay above the tunnels 
eS Pe is due largely to the hard upper crust (see Fig. 9). It is further known that | _ ri ti 
the present stage of Lake Michigan was preceded by a low-water stage during 
which the bed of clay was exposed to surface erosion. The test borings were 
ne _ spaced 300 ft and they can ¢ easily miss s such a detail as a buried gully. They 4 2 - 
es A are also likely to miss isolated pockets of semi-liquid material surrounded by © e: : 
soft clay (see Fig. 5(a)). Hence at any stage of construction the working 
> might have oemmaniall an exceptionally soft spot or a buried gully, the 


existence of which was not known. The first indication of the pending en- ft 3 ®. 
counter between the tunnel and the bad spot consists in an abnormal i increase 
—- in the settlement of the street surface, which always induced a call for a squeeze ote a ‘ 
measurement. _ The characteristics of the normal flow of the elay toward the 

tunnel were known to the engineers by experience. Hence any abnormal 
phenomenon ‘such asa a flow at an accelerated rate would have induced them 


a to request speedy construction of @ bulkhead to be followed by an exploration . 
i _ of the danger zone by means of supplementary test borings. _ Once the char- a 


acter of a danger zone is known one can modify the method of mining 


‘ser. | 


(1) In general, the original | program for the test. borings and the soil tests 

os was satisfactory. In connection with future investigations of a similar nature 

in the Chicago district, the following modifications appear desirable. ‘ei 
open cuts the spacing between drill holes should be reduced from the ‘emaen! 7 


pig 


9 value of about 300 ft to not more than ft.” the zones disclosed — 
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of the soft blue clay deserves more attention it received. 
et (2) In several places on South State Street the liner-plate method of — 
"construction would have led to failure even in case an air pressure of 12 lb otf 
sq in. had been permanently maintained. A blowout would have had 
catastrophic consequences almost everywhere on this route. Early in 1939, 
3 when the contracts were let, it was not yet possible to predict these conditions i; 
on the basis of the results of soil tests. Therefore the decision to use the e. 
_ shield method on this route was reached by necessity on the basis of soere 
- amounted to a majority vote; opinions were divided. The uncertainties 
¥ which then existed have been . eliminated | by developing a method, called tl the 


Bm, anger-spot method, ” which permits a decision on the basis of the results of 


: 4 ‘soil tests as to whether or not the liner- plate method can safely be used on a Hye 


a (3) Observations on an experimental section in a liner-plate tunnel have 
a _ demonstrated the possibility of safely reducing the thickness of | the arch and BY 
i the amount of reinforcement to a fraction of that which is required according — 
g to the customary | methods of design. The proposed method of design takes a 
advantage | of the mechanical properties of soft, undisturbed clay. 
i _ (4) The soft Chicago clay in an undisturbed state behaves like a solid” 
,- - material with a high modulus of elasticity. On a tunnel with a width of 20 ft, 
7 deformations of a few inches seem to suffice to stress the clay to the point of 
e incipient failure. Hence, by reducing the movement of the clay toward the 
k tunnel to the smallest amount compatible with the method of construction, 
a everything can be gained and nothing is lost. _ ‘The e methods for accomplishing 4 
this purpose on the job have been discussed in detail. 
i (5) Valuable i information has been secured by by measuring, from time to a 
time, the movement of the | clay toward the tunnel and the movement of the 
. members of the temporary support. The test results placed the efforts toward | 
reducing the settlement of the street surface on a rational basis, and the 
Fy practice of making the test whenever the clay appeared to behave abnormally — < 
ten the risk of accidents due to mining into bad spots ‘whose existence 
wt 
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BARTH PRESSURE MEASUREMENTS 1N OPEN 
CUTS, CHICAGO (ILL.) SUBWAY 


predic _ By RALPH B. PECK,’ JUN. AM. 


< 


fat 
provided a a constant check on the loads carried by the bracing as well as the soil _— 

movements associated with the « excavations. Results: of the “measurements 

are given in this paper, together r with a ¢ comparison. of the ms measured earth 
rag on pressures with ge generally accepted theories. ni Tt was found that the m magnitude E PAs 


of the e total lateral pressure was in satisfactory agreement with either the plane 

or ~general wedge theories for purely cohesive. soils, having 1 no effective internal Be 

friction, but that the distribution of | the pressure was non-hydrostatic. 


; 4 sured mo movements of the ‘sheeting | were found to be in accordance with those | 4 


= 


theoretically necessary for non-hydrostatic distribution. Simple rules are 
oa “ given which are believed to be applicable to the design | of bracing for similar ; 2 
j in plastic clay deposits. |} © 


= method a number of special were built i in open cut. The: excava-— 


— frequently of considerable magnitude, were i in congested districts near 


= 


oi bracing of the temporary structures, and to determine the nature and magni- = _ 
ae. x tude of the movements of the soil mass and ground surface associated with the — A 


excavation, Furthermore, it was considered desirable to obtain quantitative 
data which could be | used as the basis for economical design of the bracing for 1 
es future excavations. As a result, a systematic program of measurements was 


+4 


tion obtained. The proposed were outlined by steel piling 
any material was removed. Both continuous steel sheeting a1 and H- 
a spaced at suitable distances for the insertion of timber lagging were used. All 
_ of the excavations were braced with horizontal wales and struts, some of steel 
vd and others of wood. The excavations varied in width from 15 ft to 55 ft, in 4 
= from 35 ft to 0 46 ft, , and in length f from 100 ft to 1,300 i: ee the | 
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measurements systematic observations of the settlement of 
Dry Sand and *Unconfined Compressive Strength 
Gravel Fill ~ bCurve 1, Plastic Limit; Curve 2, 
WEF. @ 18" Wet Sand 


Stiff Blue and 
Yellow 
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Depth in Feet 
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© Summary or Srrur in Kies (Estmatep Error +15%) 


the adjacent ground surface, of the lateral m ovements of tne pre en during 


a settlements of the ‘sheeting itself. In each cut, at least one vertical profile * 
of sina was a “ determination of the loads carried by the struts 
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‘PLASTIC CLAY 


it In all, more then fifty profiles were subjected to measurement, some repeatedly. 
For steel struts the loads were usually determined by ‘strain gage, a 


wooden struts a hydraulic jacking arrangement ¥ was used. ‘Hydraulic jacking, 


ae was 80 nage ack frictio 
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Center to Center . 10 200 20 40 60 
STRATA Dry Weight 
Seamless Tube Samples 
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Days After Pacing First Strut (No, 2) 
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(© PROGRESS CHART Root Poured 
“Days After Placing First Strut 


20.—Sravr Loaves Cowrmact 84B 


at Profile, i 


Depth of Ex 


were detailed of the of measurement and 
_ the errors involved was presented elsewhere by the writer. The soil properties * 
= to each cut were determined from the results of laboratory tests on cy 


Fel 


i along the subway right of way.® 
& open- n-cut | measurements, the most canpvtaas physical property of the clay was 
the unconfined compressive strength, determined on samples 2 in. in diameter 


F and 3.5 in. long at 2.5-ft intervals in the vertical direction. The samples ob- cee ea 
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Days After Placing First Strut (No.1) 


Side and Poured {~ © PROGRESS CHART 


Profile, in Fest, 


pu 21. Loavs IN Oran Curt, Compneae 8.0c 


Depth of Excavation 


pn from the borings were disturbe wid certain ¢ extent because of tl t li 
- diameter of the tubes, and an extensive series of tests was conducted to de- 
termine the loss in strength during the sampling process. As a result, it was "3 
determined that the average unconfined compressive strength of large rela- : 
- tively undisturbed blocks of clay was approximately 1.35 times the value ob- ha 


© For details of the soil exploration program, see ‘Soil Tests Check Chicago 
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“PLASTIC CLAY 


a important to determine the order of magnitude of the error in the average 
a 4 unconfined compressive strength for a a single boring, introduced because ‘ipsa 
were tested only at 2.5-ft intervals. On certain borings, two samples were 


tested i in each 2.5-ft interval and the average value of | compressive strength 
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tained the tube samples on the same soil. It was also 


Tworlne -Inch Seamless Tube Samples 


| 


7% 


Days After Placing First Strut 


-, a for alternate samples, representing the usual 2.5-ft spacing. ‘It: was found that — 
difference was about 6%, and that the average compressive strength of the 


Be ie dates along the teehen. lines. The remaining dates indicate when the struts — 
4 = — curve gives the u ‘unconfined compressive 
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Dry Weight? 


entire boring. was probably determined within 10% by the use of the 2. 5-ft 
-. ale The pertinent information and test results for each open cut are shown i mn Ss 
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Summary or Test Resuurs (Continued page 


Load in strut 1 (kips) 9+ 
Load in strut 2 (kips) 137+ 
Twice the reaction “in kips) at the embedded part of the pile. . 8324 S¢ 


Distance of the pile cutoff above the invert (inches) 
Measured load in the hydraulic jacks (kips) 
Distance A held unchanged at both 
Subsequent test reduction of load Crips 
Result of load reduction (Item 7): 


Decrease in A (inches) 
Inward movement of point A, (c), as on cut 


pile (inches) 
Inward movement of Fig. (c), as measured on the 
adjacent pile (inches) .. 
completed 
Invert poured (1940) . 2 
Measurements made.......... -| Oct. 14-18 


natural water content, and curve 3 is the liquid limit. & In Figs. 20 to 22, the — a of 


- estimated e error in strut loads is s approximately 10 kips. Cross sections of each “a 


as a are shown in Figs. 19 to 25, together with a description of the soil profile ; re 


‘Diagrams showing the progress 


Loap (x Kies) excavation are shown in Figs. 


Sreut, at Deprus Center 
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23 


and D-6E (for location, nee Fig. 
1). Figs. 25° and 26 show the 
excavation progress, strut-load 


, determinations and soil move- 


ments at one profile on contract 
§-1A, and Table 1 contains the 
measured strut loads for 21° 
measured soon after excavation 
reached grade at each profile. 
_ closeness of superim-— 


Peg * At a stair well; wales not blocked to the sheeting.» Strut not indicated in Figs. 19 to 24. oc ; 


Or eee ee oe 
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load not measured. ¢ No strut at this level. ¢ Center of 
_ pressure N is the ratio of the height of the center of gravity _ Although the lateral pressure ee g 
of the measured strut loads above the bottom of the cut, ~ ae 


the total depth of the cut. produced by the weight of ad- 
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cant ¢ to the total lateral pressure, the 
the nearest structure is recorded in Table2, 
_ The presence of the two- frame building ‘immediately adjacent to 
ABLE 2 par 1 Eacu ACH curate settlement observations very 14 
Orzn Corn 70 THE _ close to the excavation. The results 


ane In order to generalize the results, 
sir of the earth-pressure 
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On 60-ft piles. 7,000 lb per foot of 
homogeneous materials whoso ig 
shearing resistance is made up of 
sion the Chicago soils in which if 


. Further- 
ar the influence of progressive failure in reducing the average strength of a 4 


% cohesive deposits, and the real angle of internal friction exhibited by large — 
masses | of clay i in the field, represented unknown factors which could not be - 
_ determined by laboratory tests. In this section, the theoretical expressions 
a, a total lateral earth pressure are modified to include the effect of the sand 
# ‘ie. er, and are written in such a form as s to pe permit the determination, fromthe __ 
; us a ‘measured pressures and soil properties, of the effect of progressive failure, and 
the angle of internal friction which was actually effective. 
1. Rankine’s Earth- Pressure Theory. —In a normally consolidated ine de- 
:. posit with a horizontal surface, the intensity of vertical stress on a horizontal 


“tat 
n= Kor 


~ The value of ey for clays i in their natural state is not yet known, ae = 
If the bed of clay is given an opportunity for lateral expansion toa very ia 
- great depth until a state of plastic equilibrium is reached, the lateral intensity ia 


decreases to the smallest value compatible w with Its 
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known as as the ac active sure, is 

H, tan? 45 tan | 


the clay. The total lateral pressure from the surface to dep ta: He, = His 


= oa = H* tan? (« 45° - -$ —2cH tan 
jae P Eqs. 6 and 7 7 were probably first derived by Résal_ (1910) as an extension of x 
es, Rankine’ s theory. A derivation in English was given by the late William ee ae Sa 


j The M. Am. Soe. C. E., in 1916. 10 Eq. 7 may be expressed in another useful form: 


tan a( 


4 


_ The resultant earth pressure given by Eqs. 7 and 9 is horizontal, ‘and ite” se 


point application is below the lower third- -point. For H = it is at infi- 
nite depth below the bottom of the cut. The magnitude of the resultant earth 
pressure i is often compared with that of a fluid of unit 


; The ratio of P, to Pp is known as the hydrostatic pressure ratio for active i . 
ie _ pressure, and is denoted by Ka. I Its value is given by either of the equations: 
= tant - $)- 4¢ 45° - -§ (a) 
fad yH 
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a state of plastic equilibrium throughout the soil mass 1s never realized. Such a 
a movement would result in the full development of shearing resistance on two oo. | 
“Barth Pressure, Retaining Walls and Bins,” by William Cain, New York, N. Y., 1916, p. 186. 
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sets planes, each of which an of 45° 
‘ 


with the « as indicated i in Fig. 28. the expansion is 
toa wedge-shaped zone extending behind the wall supporting the earth mass, 
and having a depth limited approximately to the depth H of the wall. 
sufficient movement of the wall is permitted { to develop the ‘vesistanes 
ee along the plane which intersects the wall at depth H, the validity of Eqs. 11 
not impaired, provided that two other conditions are also fulfilled. A 


4 must exist between ‘the lateral support and the of resisting ten- 


and the deformation must be such that ‘the ds application of 
the r resultant p pressure is identical with the theoretical location. In an actual 
open cut, these latter two conditions are never satisfied, because bracing is 
. always inserted near the ground surface, and lateral expansion is greatly re- a B) 
= 4 stricted. ‘The zone of tension in the upper part of the deposit no longer can ae * 
exist, the “center of pressure and Eq. 6 is no longer applicable. The if 


gontal. Ignorance of these factors can be expected to introduce errors into the = 
“4 computed values of the total pressure. ‘The theory is adequate to serve, never- — : 
Rs as the starting point in the analysis of the experiment results. @ 
 -Kgs. 11 refer strictly t to a homogeneous clay mass possessing everywhere _ 
n_ unconfined compressive strength q and a an angle of internal friction 
Natural clay deposits are not Homogeneous, and the unconfined compressive — 4 3 
‘strength i is variable. To use equations containing the quantity ‘it is then 
“ necessary to substitute in place of it the arithmetic average of the compressive = 
_ Strength of the clay, denoted by ga. In the case of the Chicago clays, another a 
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transform the cohesionless into an of clay possessing the 
same shearing resistance along the potential sliding surface as the existing — 


& sand, but having an angle of internal friction equal to that of the actual clay 


_ The shearing resistance of the sand along the portion of t the sliding wedge 


in which: ¢ = the average normal stress on the sand portion of the sliding 
surface; and a= angle of internal friction of the sand. _ The average normal — 
stress (neglecting the inclination of the shearing surface which is 


alm almost vertical, as indicated i in Fig. 29) is <a approximately to per 


and the average shearing resistance mi 

In Eqs. 14: 

= density ‘of the cohesionless ‘material; 
lass _ The shearing resistance of the “sae clay layer must also be onal. $A 


to 8, and is given by the expression pd ww 


in whieh: Cc = . cohesion « of the substitute clay layer; and ¢ = angle of internal 
friction of the clay deposit. _ Substituting Eq. 140 for S, in Eq. 15 and solving — 
forthe cohesion, itisfoundthat += $= | 


unconfined compressive strength of the s substitute would th 
4 of. 


Res: 


The average compressive strength of entire deposit the 


to depth . H would beco 


Eqs. 16a and 17 contain the quantity which can only be: estimated, pro- 


_ cedure to be described subsequently. — They afford idl ‘eatimates of the in- 


& a an actual soil mass. "The value of the average unconfined seed a 
in is based upon tests of individual — as 
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is 
_ = (tan di — tan d) + (H — | 
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ber 3 resistance and experienced the decrease in strength, whereas at other points 

the maximum may not have | been reached. Asa 


surface i is always less than the average computed 

reach the constant portion of the stress-strain 
curve for each component of the soil, iti ‘is apparent 
= 


that the average resistance is only a fraction of 
determined from the tests. The ratio be- 


‘any 


= 


representative of the clay as possible. For sample, maximum 2 
strength is recorded as the unconfined compressive strength. For most na- 
oe tural clays, the maximum strength i is attained at relatively small strain, and the my — a 
_ compressive strength decreases rapidly to a constant value which persists — ~ a mi 
=a throughout the additional strain, as shown in Fig. 30. Since some of the | a 4 Be 

; layers in a natural deposit are stiffer than others, at a given deformation the s a a 
; clay at certain points along the sliding surface may have attained its maximum | od 2 


Cunve along the sliding surface, and that determined by 
veld wet averaging the separate shearing resistances of the bee 
Ay _ individual samples is denoted by n. Eq. 17 can be modified to take account : = 
this phenomenon (known as progressive failure) by replacing g- by nq’, in’ 4 
which q’e is the average unconfined compressive strength of practically undis- 
a __ turbed clay samples as determined in the laboratory. No reduction is ex- cok 
f _ perienced i in the sand layer because the stress-strain curve for loose sands, as As gq ue 
exist over the Chicago clay deposits, does not exhibit a peak before attaining a 
constant shearing resistance as deformation proceeds. The final form of Eq. 17 a i 

= (tan — tan ¢) + (H — H,) nde (18a) 
and the theoretical relation Eq. 116 becomes 
in which the av average Ya, is determined by the equation a 
 Itis to oa Eq. 18b represents a linear between | 

as shown in Fig. 31. Furthermore, the i intercept of the straight 
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line on the but eq tan’ 45° ) andthe intercept on the 
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iy 
_sxis must be equal to unity. These are of the greatest importance, 4 


bs mined from the experimental v values of earth pressure. _ The procedure is de- cn ihe 


* 


+f because they enable the values of ¢ and n for the clay deposit to be deter- ? 7 


ay 


Wedge Theory for Earth Pressures.— When an open cut is 


with struts, the deformation at the top of the cut is greatly restricted and the 


4 


conditions for tensile stresses in the upper part of the soil mass are no longer 
satisfied. Pressure’ exists everywhere within the wedge, and the center of 
pressure is correspondingly | raised. The sliding surface is no longer plane, but 


takes the e shape « of a curve which intersects the surface at a right angle. 
RY: resultant earth pressure | is not horizontal, , in general, but is inclined to the ee 


aa By ba The | total pressure against the sheeting under these cunmionans may be a 


2 computed by consideration of the equilibrium of the failure wedge, under the 
a 5 assumption that the shape of the curved boundary is that of a logarithmic — eae fi 

‘spiral. ‘This curve was chosen for its close approach to observed conditions 
— its simplicity, because the resultant of the normal and shearing forces on 

) the curved surface passes through the center of the spiral : and may be elimi- 
nated from computations if this point is taken as the center of moments. Fo 
- Bp the special case when ¢ = 0, the logarithmic spiral becomes a circle with its ee: : 


bit 


_ center on a horizontal line at the elevation of the ground surface. _ The forces — ewe 
considered are shown in Fig, $2. They in include W, the weight of the wedge; 
3 Pa, the resultant earth pressure; S, the total shearing resistance along the 


curved sliding surface; and F, the resultant normal force on the curved surface. 

the lever arms forces with respect to center of rotation 
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total resistance S is to the ‘of one half average 
unconfined compressive strength a and the length L of the curved surface. _ The 
enter of gravity of the wedge. Several positions ar 


74 bs static pressure ratio is defined as the r: ratio of the horizontal component el Pa 


of K, have for different values of inclination of the 
Ei - resultant earth pressure, for different positions of the center of pressure, and 
& _ different values of cohesion. The results are shown in graphical form in 
“Rg. 33. _ Each of these charts pertains to a particular value of the inclination a . 


We 
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wid 


— of the center of pressure, and for any value of cohesion, expressed i oes terms of 
It shor uld be Set ‘Fig. 33 i is constructed on the as- 


sumption that $= = = 0°. the values of Ka A determined vt Rankine’ s theory are ‘a 


_ values of @ it is observed that a particular value of the position of the center of 4% 
pressure gives results by the general wedge theory which are practically identical _ 


to those 8 . For values of = 0°, nd ada the re- 


— 
— 
— 
assumed for the center of rotation along the horizontal line, and the maximum 
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Values of K 


ine 


be. ene of N,Ratio of of Center of Pressure to Total 40, 
— with the field data is more satisfactory in the case of F ig. 33, and» ia 


Parr III.—Comparison of and Loans: 


The essential data regarding the open cuts are shown in Figs. 19 to, 27 


‘end Table | 1. The results are summarized in tabular form in Table oe 
able 3(a), the symbol H indicates the total depth of the cut; H, the thicknes 
of the overlying sand layer, q’. the average unconfined compressive strength of ms 
practically undisturbed clay samples between the clay surface and the bottom — 7 
i the cut; K, the he hydrostatic pressure ratio for the sand; P; the lateral pressure 
= a a fluid having a arg equal to ye; and L, the horizontal distance between ; 
indicate the 


i ye ive centers of pressure for this condition are approximate y at | i 
4 spective centers of pres es of 
te 
| 
2 — 
— 
— 


PLASTIC 


(10)¢| 


RRS 
w 
ores 


$3 


Soo 


21.5) 1,320 


‘Unite of Table (a) are: ¢ feet; * pounds per square foot; ¢ 


load in individual struts, and A, . the vertical distance between 

_ Table 3 also contains the total measured lateral pressure Q per lineal foot ts 
“of the cut, and the ratio N defined as s the distance from the point of application te = 
= the leterel 5 pressure . to the bottom of the cut divided by the total depth of .y 
_ the cut. To determine these quantities, it is necessary to know the bottom — 7 
reaction, , or the shear in the vertical members of the sheeting at depth 
Whether or not the value of this quantity is important enough to warrant = 
a in the total load Q depends upon the nature of the different cuts. - # 
In contract (see Fig. 1) the greatest deflection of the shesting occurred at 
the bottom of the ex excavation. This type of deflection corresponds to a pres- — a 
sure distribution having small values at the bottom, and the bottom reaction ¥ 4 
P| is likely to be small." *** In contract S-3, the sheeting on one side rested oe 3 
ie on top of an existing freight tunnel of unreinforced concrete which was capable — ee 
supporting an inconsequential lateral load after exposure. Similarly i 
ag contract S-4B the results of the strut loads indicate plainly that the intensity a 
eS a= of lateral pressure decreased from the midheight to the bottom of the’ cut - 4 
ee that the major part of this pressure has been taken by the struts. On th 
ee contrary, the vertical H-piles on contract D-6E penetrated a stiff layer tll 
Bs _— the bottom of the cut, and the large clearance between the lower strut : and i: 


. 


aa a bottom of the cut induced a deflection curve with a maximum value at some dis- __ } 
oe 4" tance above the bottom of the cut. — As a result, the bottom reaction was ne 


“Distribution of the Lateral Pressure of Sand on the Timbering of ed Karl Terzaghi, 4 
International Conference on Soil Mechanics, Vol. I, Cambridge, Mass., 1986. 
Fundamental Fallacy in Earth Pressure Computations,” by Karl Tersaghi, Journal, Boston 

* oe “gy Theory of Earth Pressure,” by Karl Terzaghi, Troneactions, Am. Soc. C. B.,’ Vol. 
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/ Values in parentheses obtained by burning H-pile free at bottom of cut. 


‘method indicated: in Fig. 23. 8- 9C, it that 
g the bottom reaction was not important, although it is possible that in S-9C a 
Small reaction might have been required to produce the state of stress measured ~ 
na in the bracing. As ‘a result, the cut on contract D-6E was the only one in which er 
the bottom reaction was taken into consideration in the computations. 
Re -: To compute the real value of K, ‘A, the average density of the soil throughout 
a the height H must be determined by Eq. 19. For this computation, the density 
, _ of the sand above the clay surface was estimated at 110 Ib per cu ft. The a 
4 density of the clay was computed from the average natural water content and 
"specific : gravity of the solid matter assumed equal to 2.74. The values of Ve 


ee .. theoretical equation (Eq. 18a) for the average ‘equivalent unconfine 
- compressive strength of the deposit contains | two values, K, and tan oy, which 
can only be estimated. 


“ee 


calculations. _ “The value of K, depends upon the lateral strain that develops 
: A in the sand during ‘excavation. It must be selected for each cut individually, 
f because of its dependence upon the method of excavation and bracing. As an 
_ example of the method of f evaluation, cut , 8-9C i is used. i In 1 the e vicinity o: of th 
cut, the depth of sand was 9 ft. For K, = 1, the earth pressure exerted by ‘th 
8a sand is } X 110 X 9 = 4,450 lb per ft = 4.45 kips per ft. The top row of 
_ struts was located at a depth of 5.4 ft, and the next at 12.6 ft below the surface, te ‘ 
4 hus the top row received ; almost the full lateral pressure | of the sand. The © ‘43 
load i in this strut was. or 2.80 per ft, corresponding toa 
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ivot about the second row of struts, and by 
tical H-beams pivot about the secon 


= 1.0 was estimated. Conditions were similar for all 

ae cuts except contract S-4B, where the top strut was inoperative and the pressure 

es of the sand was entirely carried! by bending in the upper part of the H-beams. 

Therefore, much greater opportunity for lateral of tl the sand existed 
= in 8-4B than in the other cuts, and a value of K, = 0.5 was ‘estimated corre- e 2 3 

Sod spondingly. An error of 25% in the estimated values of K, would result in 

ee error in the computed shearing resistance of less than 2% on contracts S-9C, + a 

= and § -4B, less than 10% on D-6E, and ‘approximately 15% on S-1A 4 
q 


Ad 
3 In Table 3, the results of measurements on contract 8-4B after the cut ex- ie 
ceeded a 2 depth | of 30 ft are not included because measurements were not made 
all profiles and certain strut loads would have to be de- 


This is snot considered reliable 


therefore, contains the experimental values of all 


= quantities necessary to - compute the value of Ga in Eq. 18(a), except —— 


unknown properties of the clay, and n. ‘The: most probable values of and 


n are those which produce the most satisfactory agreement with the theoretical “ 


ae straight-line relationship shown i in Fig. 31, provided a straight- line relationship er 


found to exist In Figs. 34(a), and 34(c), the experimental values of 


Ka are plotted against values -, in which Qe been computed Eq. 


the easumption th that . Values of n to 0. 50, 0. 75, 1.0. 


<a were also assumed. A straight-line relationship i is seen to exist, indicating that 
the reasoning leading to Eq. 180 i is satisfactory. — However, in none of these 
“} cases | do the plotted test results indicate | a satisfactory agreement with the 
17°, shown by the line. it 


‘ oe experimental data are in excellent sais with the theory when n = 0. 75. ‘a 
a i It was found by ane computations that no other combination of ¢ and n % 


besides ¢=0° and n = 0. 75 gave a reasonable to the theoretical relation ‘a A; 


the computations with a value of = 35° led to ‘almost. ‘identical 
its. s. The solution of Eq. 18), therefore, results in the conclusions that, for r 
al practical purposes, in the Chicago subway cuts, the value of @ for the clay 
al to 0°, and the factorn =0.75. 
for ‘and n n is influenced by’ the fact that the 
F upper end of the line is largely determined by points representing contracts — 
3 and §-1A, in which an error in the value of K « has an important effect. 
hae Nevertheless, ‘if the position of the line is determined from only those profiles 
in which a 25% error in K, involves a negligible error in the result, the value 3 


° 
¢ cannot ‘possibly exceed 3°, and | the v: value oft n is not It 
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4 stiffness of the H-beams the strut load is relieved. Asaresult,the pressure 
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deformation accompanying the construction of the e Chicago « cuts behaved as a 


is apparently safe to conclude, therefore, that the mass of clay involved i in the — f 


oe value 2 = 0.75, might be considered due to the fact that insufficient lateral a = 
- a expansion had taken place to develop the full resistance, and that therefore the = 
‘Measured earth pressure was not the smallest possible value earth pres- 
4 = sure), but some value between active earth pressure and earth pressure at rest. Si 
a - ‘This interpretation of n, instead of progressive failure, is considered unlikely. i 
+ — cuts upon which measurements were made were built by different con- 4 
tractors using different systems of lateral support. _ As long : as the shearin ng 
nt 


Ba 4 resistance of the clay is incompletely developed, a slight change in n the amoun 
ss ae of lateral yield should have a marked effect on the value of the earth pressure. 
Nevertheless, the Points | in n Fig. 34 which h represent t the hydrostatic pressure 
patio s are all located close to a straight line, indicating that the ratio between 
active and maximum shearing resistance was consistently equal to 0.75. This 


— 


fact is in sharp disagreement with the insufficient expansion hypothesis. It 4 


appears therefore that the amount of inevitable deformation associated with | 
the construction of such structures is sufficient to reduce the earth pressure to 
stg smallest value, and therefore every effort should be made to keep the lateral 
A study of f Table 1, for profiles 15-29 in contract S-1 -1A, indicates the varii 4 
from the mean value of the total lateral pressure. These fifteen consecu- ; 
4 profiles were identical except for the ordinary variations in construction 
procedure, The greatest deviation from the mean was approximately + 20%. 
a = The physical causes of this scattering are probably numerous, but in any case, _ = 
ep ysica u g probably numerous, but in any 
provision in design should be made to take itinto account. 


ae ae. It is of interest and importance to compare the measured results of the total 
- |ateral pressure with the values computed by the general wedge theory, which | 
; takes into account the curvature of the sliding surface, the location of the center — 
a. of pressure, and the inclination of the resultant earth pressure. — Inasmuch as 
‘re no direct measurements were made of the vertical load carried by the dates, 
the value of 6 in the experiments in unknown, and only a general comparison 
is ‘possible. is: observed that the : average center of pressure for all the 
ees _— surements was at 0.43 H. This value, according to the curves of Fig. 33, "ks 4 


xe, 


52 


‘ : aa = gives re results by the general wedge theory ' when @ = 20° which are on the — 
nearly equal to those g given by Rankine’s s theory. ry. Itshould be em emphasized, 
a however, that the center of pressure in Rankine’ s theory can never be as high 


as Point, values of may even be below the | 
q bottom of the cut. ‘The fact that the total lateral pressure is approximately 

im 


ea equal to the Rankine value, even when the distribution of the pressure is = 

entirely different, ‘is not altogether surprising after a study of Fig. 33, 

rao which it can be ascertained that the effect of the curvature of the sliding surface _ a] 

is to increase the total lateral whereas the effect of the vertical 
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were found to fit the general wedge theory for = = 20° slightly better than the 
plane wedge theory, represented by Eq. 18d, side? ST 


‘Tt has been mentioned in Part II that if the shearing resistance is fully 
Et _ developed along the sliding surface forming one of the boundaries of the failure ee 
wedge, the total earth pressure can be computed by considering the equilibrium 
5 Aa of the wedge. This procedure, however, does not produce any information 7 
Be concerning the distribution of the lateral pressure. The position of the center et 
of pressure depends upon | the deformation conditions within the w wedge itself. 
Professor Terzaghi™ has stated the conditions necessary for various types. of 
distributions. He has shown that if the supporting wall does not 
yield in @ manner approaching | rotation about the base of ‘the cut, through 


IV. OF PRESSURE fob 2 of £ 


| 


a - Plastic equilibrium, then the center of pressure will be higher than that pre- 
dicted by the theory of plasticity. | In ‘particular, if yielding i is ‘restricted at 
the top of the cut by the presence of struts, the center of pressure may be > 
ag _ Theoretical considerations do not permit the calculation “a the location of ie 


Ce conditions are a function of the | manner in which the as ag 
and bracing are performed. Inspection of Fig. 25, showing the measured 

deformations accompanying the excavation of one ‘Chicago subway cut, 
o4 - demonstrates that the type of yielding is of the nature to produce a tik 
os center of pressure, but quantitative information about the distribution can — 
Bs only be obtained from measurements in the field. An important fact, however, 
is disclosed by Fig. 25. Almost. all of the deformation at a given elevation 
occurs before excavation reaches that depth. This yielding obviously cannot 
be prevented | entirely by the use of struts. This observation leads: to the 
conclusion that minor variations in construction procedure cannot greatly 
4 influence the nature of the deformation, and thus may not have a pronounced | 
- effect on the location of the center of pressure. It also leads to the conclusion — ie 
that most of the deformation occurs before the placement of wales and struts, Bay 


and that it is unlikely that important arching in “the horizontal direction ; 


im 


of Table 3(b) shows t that ‘the measured centers of pressure for 


- the various open cuts w were quite consistent, and were in general slightly below bh: 
midheight of the cuts. In the cut 8-4B the highest strut that was acted upon Ae 4 
_ by earth pressure was 11 fi below the surface, and the next one at a depth of ae es 


ay 
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Se 


Pas 


= 


. a . Hence the center of pressure while the cut was at shallow depths was Cia 

Table 1 gives: the individual strut | loads measured 0 on contract ! 


Mes eon the variation in individual strut loads is very much greater. “That = 
this is due to minor details of map demonstrated i in many i instances 
guchasthe following; 
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profiles 11 and 12 Table and a a strut at the 23-ft level ¥ was s installed i in 
= each profile on the same day. In profile 11, excavation on the next day i a: 
e = _ proceeded to a depth of 83 ft and a strut was placed immediately at the 31- ft ? 1, 


level. In profile 12, excavation did not proceed from the 24 to the 33-ft 

eS 2 level until the third day, at which time the entire bay to profile 13 was mined ve 
to 83 ft. The lower strut in profile 12 was | not ‘placed until 8 hr after the 33- = 
a depth was reached. . Asa a result, the lower strut in profile 11 attained a final 
a - load of 232 kips, whereas the corresponding strut in profile 12 never exceeded a 
ce a 89 kips. Nevertheless, the center of pressure was at 0.43 H in both profiles. = a 
= ig It is apparent, therefore, that it is useless to attempt to compute the real * _ 


4 


ey 


Ps distribution of lateral pressure over the sheeting. Of far greater practical Hd 
importance is the statistical investigation of the variation in strut loads 
a ae actually measured, in order to determine the maximum loads that may be = a 
expected under ordinary construction procedures. A useful method of investi- 
a gation is by means of an equivalent beam, as demonstrated by Professor —_ | 
= hi he results of h 
—Terzaghi in ana yzing the results of measurements on the Berlin subway. 


The method is shown in Fig. ig. 35. - The vertical’ members of the sheeting : are ¥ 


from Tests; and (6) for Desig 


3 


- assumed | to be hinged at each strut except the uppermost ai, and a hinge is 

assumed to exist at the bottom of the cut. The abscissas of the ‘pressure q 
' _ diagram “A” represent the 2 intensity of horizontal pressure required to produce 
= i. the measured strut loads. A study of such diagrams for all of the measured — 


— profiles disclosed that the maximum abscissa never exceeded the value Kae H. 2 


ae Beam for Strut Loads: @ qos Sine 


‘iy 


Every measured set of strut loads resulted in a different pressure 

a ” all of which were found to lie within the boundaries of the trapezoid _ BS 

a indicated by the dotted lines. Thus, if strut loads are computed on the basis A; a 

“General Wedge Theory of Earth Pressure,” by Karl Terzaghi, Transactions, Am. Soc. C. E., Vol. 
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f this will most probably be on the safe side. The 
the trapezoid is approximately 50% in excess of the computed total lateral 


unit of length of the takes care of the statistical deviation 


The settlement of the ground is a direct result of the lateral squeeze 


of. the clay toward the cut. Although | construction conditions made it 
possible to determine accurately the complete record of soil movements at 
ie the sides and bottom of the cut at the same profiles where complete liane a 3 
cross sections were available, a study of f the partly incomplete 1 results at 
numerous profiles. established the approximate equivalence of the : settlement 
volume and the volume of lateral squeeze. The most complete information 
i at any of the measured profiles of movements 0 of the sides and bottom of a ie 
Ye cut is assembled in ‘Figs. 25 and 26. In this particular cut, the ; presence of nf ae 
4 an existing freight tunnel, located as shown in Fig. 25, permitted measurements _ 
tk to be ‘made of the lateral movement of the sheeting at the level of the tunnel 5 


oe while | excavation h had not yet reached the bottom of the cut. ‘3 ‘It is evident © 


is that the lateral squeeze extended for a considerable ditanes below the bottom 3 = 


they provide information from which can be deduced the n 
. = = excavation that should be permitted before placement of the uppermost oa ; 
ni 7 4 a On January 3, 1941, th the earth pressure on the sheet piles 3 was practically zero, — 
aoe 4 : & - because the trench, dug to permit driving the sheet piles, was not: yet backfilled. 5S 


In spite of this fact, the tops of the piling moved toward the cut more than 
] 


‘Lin. because of the unbalanced weight of the earth outside of the excavation. 

Most of this movement occurred while the depth of excavation increased 
‘oo from 10 to 13 ft, corresponding to an increase of the unbalanced part of the 
Joad from 1,100 to 1,440, Ib per sq ft. The average unconfined compressive 


strength ¢ of the clay between a depth of 13 ft and the bottom of the cut 1 was 
1,340 Ib per sq ft. Hence, the important deformation of the sheeting began 


"side walls ‘the frei tunnel when excavation reached a depth of approxi- 
possible that the abru ipt and e extensive yielding repre- 


would probably have resulted in the prevention sudden change and 4 
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ra 
placed at a depth of 4 ft aft 
es "i appreciable load. On the other hand, in contract 8-3, which was 1s adjacent to 


Py a i contract S-1A with practically identical soil conditions, the top struts were er: 

placed when excavation reached a depth of o1 only 8 ft. These struts experienced 
Pi i. A a substantial load, and no such sudden increase in lateral deflection of the rae 
sheeting, or of settlement, occurred. As a matter of fact, in every other open 
cut observed, the top strut was placed before a depth equal to H, was reached, 
in each of these cases, the spontaneous: | settlement was absent. On 
contract D-6E, the soil was excavated 13 ft before struts were placed, exactly 
as in §-1A, but the value of for this case was 18 ft. The maximum movee = 
99 f th ti 1 le t 


formulation has as ‘yet been devised, 
olved may be recognized by study of 
Lowest Strut The total vertical force acting on 

horizontal section (e d) at the level of 


hob pe lowest strut is equal to the weight 
of the prism a d ec minus the shearing 


_Tesistance along c ¥ which is equal ay ap- 
proximately to4q.(H — H:), and minus 
ing. The width of the prism is taken 


equal to the distance between the lowest strut and the bottom of 


ae cut, because ‘the failure surface e bi is likely to be inclined at 45° when $= a 

> _ The intensity y of vertical pressure at midheight of the | space between band a a r 


x. 


> 


+2 


4 


in which: Yo = average density of material above lowest | strut; Ye = a a 


‘ density of material between b and d; and | qa = average effective unconfined sy 
compressive strength of material above lowest strut. The lowest value of the 


normal stress 7, on the vertical face b d which is compatible with the average a 


iy 

Te — Ge = ( 2) Ye - 2. +952 Ye Hs (25) 


' 


n which ge = unconfined compressive strength of material between b and d. 


ort the particular: case when the entire vertical lo ad is carried by ss 


my 
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| 
OF, in on words, when the distance below the bottom strut equals: the critica 
height of the material. (The critical height is the theoretical height. at which 
vertical bank of cohesive material will stand without support.) If the 
q “Se vertical load is greater tl than zero, or if it is desired to increase Hy beyond the | Be 
a critical height | of the material, it is necessary that the vertical sheeting be a 
_- stiff enough to carry the horizontal load ox, and that the clay beneath the © 
fic bottom of the cut be adequate to carry the reaction Py with sufficient factor I 
of safety. Calculation for the Chicago open cuts indicates that the 1 method 
a _ of Eq. 23 is likely to be ultraconservative, but it is seen that until measurements — u 
= are available for evaluation of the shearing forces on the sheeting, a theoretical 
Pee solution, | even of more refined nature, would not be of ‘great practical \ value. 


Repeated calculations of the distances as excavation and 


¥ a struts advanced would determine the maximum vertical ‘spacing mee 


we 


~ ystematic observations of inward movement of the sheeting. Excessive 


ovements were readily de determined and corrected by struts. 
instructive example was again furnished by contract S-1A. _ Between a depth af 


of 24 and 34 ft, the critical height of the clay ranged between 10 and 15 ft. =) 
In the first part | of ‘the cut, the vertical distance between the second and ye 


“As a consequence, an intermediate row of struts was 


- established “which ‘reduced the : spacing at the softest part of the clay to 8 ft. 
Thereafter the lateral squeeze dropped from 3} to 2} in. at this elevation, ie 
the ‘settlement o1 on adjacent buildings was s reduced approximately 3: 357%. The 
€ % total | pressure on all the struts of one vertical row remained practically identical. 
_ Qn one early open cut, 46 ft deep, upon which measurements were not = 
. made, a lateral yield. of 10 in. developed, and evidence of considerable distress C 


‘in some of the bracing ‘appeared. as this observation, together with those 


already described, it may be concluded that for the Chicago clays, a lateral — 
yield of slightly | less than 0. 25% of the height of the cut is all that i is necessary — 


Sa to reduce the earth “pressure to the active value, and that the magnitude of 


the pressure remains substantially unchanged for a yield up to 1%. Beyond 
this value, the lateral pressure again increases. _ Furthermore, it i is ae 
that nature takes care that a yield of at least 0. 25% will « occur, regardless of in 


_ For open cuts constructed in ina normally consolidated clay § soil i in n accordance 
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than the critical heigh "Wha anrrac n o lateral movement and settlement 
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justified on the basis of the Chicago subway experiments 
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investigation of ‘earth pressure on tunnels was ‘undertaken i in Detroit, fs 


ee Mich., My in 1930, when a number of pressure cells were installed in in . tunnels, shafts, 


a and retaining walls. . Goldbec pressure cells “were used, practically all 


= _ installations were in structures built in or on the plastic clay deposits typical 


of this and several other cities bordering on the Great Lakes. att 
= Earth were observed for periods varying from a a few to 


several Some installations became inaccessible, as the structures were 


7” placed i in service, , and | some others ‘were destroyed. . In other cases it has been 
possible to extend the ‘measurements over longer periods, and for the Central 
ae Tunnel, in Detroit, which is discussed in this | paper, r, the records have 


been continued to the present time, covering a a period approximately t 


compilation ai and particular s set of abesrvations, supple- 


cae pleted i in in September, 1941. sf During t the years that the data were snmiemiitatids 


and particularly during | the two years 1940 and 1941, a number of analyses — 


have been made in an attempt to develop a logical and ‘accurate method o 


the pri pressure variations that we were observed. In this way, gradu- 
the “circuit: method” of computing earth pressure on n tunnels | has been 


evolved. This: method consists: of establishing the static equilibrium of ad- 


‘The: circuit closed by checking f 


brian ‘have been by the selected system 
To be of practical value such a method d must be capable of reproducing the 


‘pressure variations thet have been observed and must do ‘80 in 1 terms of mea- 


bility under the observed conditions. 


The extent to which the method m: may be to the of 
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earth pressure under more general conditions east be ease by « other 
applications. In | far as the fundamental basis is more than the 


= application “a the laws of static hi annonearg general ap 


19 debate. In this connection it should be stated that the | paper is confined to s . 


dinngasion of f plastic clay. _ According t to the generally accepted definition ofa a 


plastic solid, ‘the intent, therefore, is to in in which shearing 


resistance isa funetion « of true cohesion and independent of internal friction. 
be. purely cohesive m material. . Discussion ¢ of the method and its 8 general a 


Boring No. 1;Sta.20+01.2 


oa In other - words, it is assumed that the soil involved in this investigation ne - 


a) bility doubtless will be focused largely on the question of whether or not soil, = 5 


resistance may be 80 represented, and, if so, how wide a range of soil texture 


e included i in that classification. 
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A pressure-cell installation at the Central Avenue ’ Tunnel has produced _ 

consistent series of earth-pressure measurements extending over a long enough ~ 

period | of time to give a complete picture of the changing condition of equi- — 


librium in such a disturbed soil mass. Soil conditions were quite uniform, there 
were no apparent disturbances other than the tunnel construction, and the use ia 
; i?’ the tunnel w was such as to permit continued observation for an unlimited time. 
Other installations were complicated by ‘nonuniform soil: conditions, other 
major excavations in the immediate vicinity, or restrictions on the period of 2h 
oe Fig. 37 shows the general construction features of the tunnel, which is of — F 
monolithic concrete with an inside diameter of 9.5 ft and an outside diameter — 4 
ae slightly less than 13 ft. _ The tunnel was built as a by-pass for a large water oy 
z _ main beneath a main- -line railroad. The soil conditions as indicated by four = 
a. original borings were quite uniform ‘and ‘consisted of approximately 12 ft of — 
sand and fill at the surface, underlain by a plastic blue lacustrine clay for the 
entire depth to hardpan. A fifth boring was made in 1940 to obtain samples for _ rah 
e3 shearing resistance tests, the results of “which will be used in the present study. ) 
The tunnel was located at considerable depth, there being approximately 60 ft _ 
of cover. _ Three rings of f pressure cells were installed at the location crown & i sy 
Fig. 37, all within a distance of some 200 ft. 


so that’ it is possible: to combine the to, give ‘a desirable duplication of 
m4 measured pressures. The composite diagram of pressure-cell locations (Fig. 

i indicates that the total of twenty-two cells provides three duplicate 
ei coodings at the top and bottom of the tunnel, five at the s spring line, and, with oy. 


one e exception, two at each of six intermediate points. an 
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nce, however, does 
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es 
s a shear er penetration through the sand 
ital: samples were taken every 5 ft down to haryipan at a depth con- ; 


eiiuebty below the “tunnel. . The ‘shearing resistance as measured by these 
Ground Surface E1.1102 


7+6505 


"Shaft; Sta. 


Shear Sample Boring; 


___.__Center Line of South 
Center Line of North 


he Three Rings of Pressure Cells 


Kae. 37. or TunnEL, Dernort, 


one was | quite uniform although there was some variation due, presumably, 
o the stratification characteristics of clay deposits in this area. The shear 
aried from 1 approximately 400 Ib per sq ft at the top of the clay to an average 
of 150 lb p per sq ft for the remainder” of the” depth to the top _ of the tunnel 
From the top of the tunnel to hardpan the clay was somewhat stiffer, the - 
average being taken as 200 lb per sq ft. The shearing resistance of the sand — i 
- overburden has been estimated as equivalent = the weight transfer for a 30° oe 5 
Bae shearing resistance of ‘the clay was measured by ‘the ring-shear test 
& which has been described i in detail i in other publications.* 18,19. _ This type of test ae 


tion of any pressure normal to the shear plane. The test thus conforms strictly 
te to the accepted definition of a purely cohesive material without internal friction. 
= In this connection the volumetric analyses of the samples are shown in Fi ig. , 39. 
It may be noted that the voids varied from 40% to 55% by volume, and these 


voids were filled with water as the air voids were practically negligible. — i $e4- 
me ‘The heavy dashed line in Fig. 39 represents an average shear profile desig- 

~ nated as the design value shearing resistance from which are taken shear values __ 
used in the subsequent analysis of earth pressure. These values conform to 
La the yield value as ordinarily defined and determined by the adopted test pro- 
cedure. There are two figures taken from this shear profile which 


will be used subsequently. _ These are (1) the shearing resistance at the level | a 
of the tunnel, which is taken as 200 Ib per sq ft, and (2) the average vertical 4 


. _ “The Shearing Resistance of Soil—Its Measurement and Practical Significance,” by W. 8. Housel, 


Manual of Soil Testing Procedures,’ published by | Brothers, Ann Arbor 
Mich., 1930, 
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shear from the surface of the ground to the top of the » tunnel,  Ghich i is approxi- 
Earth-Pressure Measurements.—The results of the earth-pressure measure- 


ments are shown in Fig. 40, the pressure-cell readings being plotted in polar 
A 
q 


Se 


( 
| 
4 


es “a coordinates. _ The pressure dingrame or pressure rings are plotted to a scale Se 


in. = 4, 000 lb per sq ft that the two circles shown represent : 4, 000 and 


represented by indicating the range of ‘the readings at each point on the 
circumference, with the average values also ) designated. The numbers shown in 4 
= small circles indicate the umber of readings at each point that are included i 
ta og At the first two dates (December 4 and December 10, 1930) an air pressure x 4 pa 
27 Ib per sq in. was being carried in the tunnel. ‘The pressure readings and 
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ressure was not sufficient to balance the active earth pressure completely ‘and 
that gradual yielding was taking place. It should be noted that the pressure 
- readings were made inside the tunnel with cells and measuring devices referred - 


the existing air pressure as a datum. pressures recorded by the ad 
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pressed air was was released, and air pressure in the — to zero or 
atmospheric pressure. The immediate change in earth pressure recorded by — 
ne _ the cells i is significant and was approximately equal to the change i in air ir pressure. Bc Y 
After the release of the compressed air a period of slow change in pressures 

_ occurred over comparatively long periods of time. Figs. 40(f) to 40(j), oe: 4 
4 covering a period of six months’ after construction, show relatively small 

changes. Particular attention is directed to the date of February 28, 1931, | 3 
me. at which time the pressures around the tunnel circumference were approxi- ae 

- mately equal. This date represents the end of a firet stage of variation and 
al is thus a control. point in the subsequent analysis. my After that date there is is. 


we gradual increase in top and bottom pressures, culminating in the final y pressure 
diagrams shown in Figs. 40(k), 40(2), and 40(m). 
A ‘significant change in pressure was recorded until 1936, approximately 
years after construction. In 1941, approximately ‘ten years after con- 
~ struction, most of the cells ‘were still in operation, although outlet pipes and _ 
electrical connections were: in rather poor condition due to ‘moisture and 
“corrosion. Readings w were a little more erratic as shown by the v wider | range » for a 
individual cells. The same pressure pattern was present, however, as ae 
found i in 1936 and, except for a slight decrease i in lateral pressure at the spring 


Tine and an increase in the p pressure at one e point on the invert, there - no 


a significant changes in the last five years of observation, 


‘The variation i in pressure with time is ‘shown much more clearly i in vm: 41, 

in which ‘measured pressures at the top, side, and bottom of the tunnel er 3 
_ shown for the full 10-yr period. When the compressed air was released, the 
_ immediate change i in the top vertical pressure was 3, 200, side pressure 4, nae 


was to the drop i in air of 3,880 Ib per sq ft 
indicates the relative accuracy of Goldbeck cells. is 


after the release of the air seeseiee; up to February 28, 1931, all pressure ee 
_ ings were decreasing and, although not quite equal at all points, the « difference 


_ from t top to bottom of the tunnel was comparatively small. After this first 
stage of decreasing pressures, there was a period of several years during 


: approximately equal to the static head at the respective elevations. "According a 4 
to the nn there were substantial changes i in oom pressures for il = 


"significant for next five years up to 1941. 
ee _ During the progressive increase in vertical pressure up to static tie head, the — 2504 
pressure at the side of the tunnel remained constant and 


— 
‘Shi 
— 
— 
= 
— 
— 
— 
— — 
— 
— 
Fig. e static head at the top, side, and bottom of the tunnel has been 
shown by horizontal lines to serve as a background for the comparative analysis: 4 
of measured pressures. The two stages of pressure variation previously men- _ 
— — 
— 
|. 
hye 
— 
consistent variation in earth pressure 


“condi tions of equilil brium i in ‘the earth mass for a period oft at least several years 
after construction. ‘There appear to be two distinct stages of behavior. The 
first involves a temporary condition of equilibrium during which it may be 
= that maximum resistances i in the mass are being mobilized to transfer ee 
weight away from the tunnel. The second stage of i increasing vertical p pres- 


Static Head at H, ie 


a 4 
1990 1931 1933 —>«—-1 934 —>fe—1935 36 "41 
Fig. 41.—Vantation Pressure wits Tix 


sures, culminating i in final ‘equilibrium, r transfer of weight back 

In the first stage, the changes ogo show th that war weight transfer under 


the tunnel is shielded against | the full static earth pressure and remains the point _ 
5s of minimum active pressure. The fact that this lateral pressure is substantially a ae 
pa less than static head after final equilibrium indicates that there are permanent E 
4 ce or residual shearing stresses in the mass as a result of the disturbance of its _ 
_ internal equilibrium. The fact that the tunnel structure weighs less than the 
displaced earth by approximately 5,300 Ib per lin ft also indicates that there 
zs ‘must be some permanent changes in the conditions of equilibrium in the 
i ig An analysis of the earth- -pressure measurements must explain the ‘manner 
2 in which weight is transferred away from the tunnel during and for some time _ 
after construction and then is shifted back before coming to final equilibrium. 
‘Fig. 42 is an attempt to picture this weight transfer schematically in terms o 


certain conditions that must be involved. In Fig. 42(a) conditions are indi 
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‘rary equilibrium. It is conceived that displacement is toward the tunnel from 4 
alll directions, with soil resistance being mobilized on all sides in opposition a 
this n motion. ‘Thus, weight is being transferred from the entire region above 


| 


~ Vertical 


x 
Bes tends toward minimum values at all points on the tunnel circumference as the a a 
‘mobilized shearing resistance approaches maximum. part of 


a ae this resistance is dynamic and in accordance with the properties of plastic — 
solids in which the shearing stress i in excess of the yield value is proportional to 
= A the rate of movement. This trend, as previously shown, reaches a limit some te ite 


- ‘Fig. 42(b) shows conditions conceived to exist as a final condition of equi- = q ca 
librium. In the first place, the shearing resistance values have decreased to 
the yield value which is the maximum that may be maintained under ~ a 


equilibrium. due to on either aide: of the tunnel, some weight 
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een transferred back to tunnel, building up vertical pressure at the top 
and bottom. The lateral pressure at the side is still minimum and, as a matter — re 


of fact, has been almost constant at all times, In setting up a system of 


pained 
‘The basis for analyzing the earth-pressure measurements has been 


ae by the preceding discussion of experimental data. - Aside from the data them- — 

selves, significant trends or stages of variation have been indicated. These 
trends have been interpreted in an attempt to describe the changing conditions se 
of internal equilibrium i in the soil mass. ak There 1 remains now w the task of — 


Asa first approach to the stresses in the soil n mass sais ea the tunnel, 
it is enlightening to review a related problem from elastic theory. Fig. 43 
- shows the relationshi hips i artsthirpte in n computing the stresses in a thick cylinder pt 
‘Using the notation shown in Fig. 43, 


: 


oF 


_ DfStance in Fraction of 
STRESSES SURROUNDING TUNNEL BORE 


n 
for motion would be toward the sides of the tunnel from points of high pressure — 
ard the sides of the tunnel from points of high pressure 
— 
— 
= 
2 
i = up specific equations OF static equill 
q rium irom which the magnitude Of shearing 
ne (a) STRESSES IN THICK CYLINDER — 
= 


_ 2 stresses and is thus equal to static pressure, p. _ Applying these equations = 


is equal to r is to as would be the case at the 
fe as of a tunnel bore i in an indefinite mass, these equations reduce to py = 0 pe 
The maximum shearing stress is equal to: one half the difference in the prin- a 


. to the tunnel problem : also reveals (as shown in Fig. 43(b)) that the principal — 


-_ stresses become practically equal and the shearing stress becomes zero, within - ta 


be a distance from the surface of the tunnel bore of less than one fourth of the BS 


Several important deductions may be made from this elastic solution. In 


the first place, the pressure acting normal to the tunnel bore is a principal — J 


pressure, from which it follows that under normal conditions there would be no ~ = 

tangential or shearing forces on this. surface. In the secon | place, at ‘the 

surface of the tunnel bore there is the usual principal stress difference, equal to 3 ; 
twice the shearing resistance of the material. When movement of the soil 


. stress. In the third place, the stress differential at the surface of the tunnel + F 


ee. Rat Sp er. mass is toward the tunnel, the normal pressure would be the minimum principal — 


dissipated within a relatively short distance from the tunnel. 
Be The stress ss relationships from elastic theory obviously hold | only a as long a 

ma, “the chearing resistance of the material involved is not exceeded. In plastic — 

re. ag shearing resistance i is frequently of a low order of magnitude as compared — 
to the static earth pressures that are encountered in ordinary construction — Fy 


‘practice. the present case the static pressures vary from 


= 


case of an unsupported tunnel would be equal to the static pressure. 


at baby at the su surface of | the t tunnel bore, and would extend back througa the ne p 
until sufficient resistance was mobilized to furnish a a reaction to absorb the a 4 


furnished the coil mass will be developed by in the range ; 
plastic, rather than elastic, deformation. 
aa ee Because of plastic flow or ' “squeezing,” shear is mobilized on shear planes o or 
ss gurfaces throughout the r mass, resulting in the weight transfer which reduces 


ares the active pressures substantially below the static head. o The total reaction — 


fp. de er depends upon the shearing oo, of the soil, the « diameter of the 


i a Such a system of stresses i is shown i in Fig. 44 8 and constitutes | what | has been 
previously called the “circuit method” of computing earth | pressure on 
tunnel lining. For the temporary condition of equilibrium the stress system q 
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r the top vertical pressure ig 


@ BOTTOM VERTICAL PRESSURE 


| 

ns in which = C1 So; Se 1s the cumu ative average shear from a 
to the top of the tunnel; and 7 is the soil weight per cubic foot gd 
ed TOP VERTICAL PRESSUR 
» 
: 
CS 


a | approximations which must be accepted. The . equations are set up as if the 


n which Sz Cr 8.5 S= = Cs and = average shear in the r of 


bottom vertical pressure under temporary equilibrium Fig. is is 


Sill 


In Eqs. 34, Wii is the total weight of the te one and — is the total weight 0 of 
the earth in a corner fillet (Fig. 44(a)). 

_ Although Fig. 44 and Eqs. 30 to 34 are more or less self-explanatory, there — 
Wie are certain features that require some elaboration. _ The size of the elements of 


the equations are written | has been taken equal to 


— rather than infinitesimal dimensions. . Iti is in this way that inaaokdl 
factors are brought into the solution and full recognition accorded the discon- 4 ‘ 
ees - tinuities in stress which arise from boundary effects -_ inability of the soil to 
withstand the potential stresses that areinvolved. 
this method permits important simplification, it: also” introduces 
F tunnel bore was square, rather than circular, and thus some of the effects of the - J . 
th corner f fillets are neglected. Stresses that are pictured as acting on elements of es 
PEAS: _ over the finite dimensions of the element. Thus, in devising a method of deal- a 
AMG ‘ing with stress discontinuities that cannot be incorporated in conventional _ 
more 8 stress relationships, it becomes impossible to work in terms of continuous stress ca Sy 


a. -variations, which are the more familiar. The validity of such approximations _ "a 


_is difficult to prove or disprove except by the final test of whether or not they ae . 


‘The ‘equations of equilibrium involve the “ three general 
factors of resistance. First, there is the weight transfer due to*shearing re- 
sistance mobilized on vertical planes: extending from the top of the tunnel a 
pia: the surface of the ground. This transmission of force around the tunnel bore 
: ae sometimes referred to simply as arching action. The second influence to be a 


considered likewise may | be referred to as ) arching of the lateral pressure | around ss 


a2 Both of pie factors are functions of Plastic displacements and the re 


sulting mobilization of shearing resistance. 


the same size as the tunnel bore are the average of actual stresses which vary *& z 
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‘static pressure in the region the tunnel, have been évaliiated 

in two separate § steps. The static pressure at the depth Hi is shown at the back 

a of the vertical column that is affected by lateral movement toward the tunnel. 

It is computed by evaluating the magnitude of the weight transfer by shearing _ 

. 3 forces on vertical planes of slipping. _ The horizontal arching action is then 

evaluated as a pressure differential made available by mobilization of horizontal 
shearing resistance. Finally, there is the third factor of resistance which makes ren 

, thet a further decrease in | lateral pressure. This is the principal stress 

‘differential at the surface of the tunnel bore as Lapsed deduced from the ue 


a's of analysis to an element of mass below the tunnel. , Resistance to 
5 upheaval at the bottom of the tunnel includes the summation of shearing 
- resistance mobilized on the sides of the vertical column beside the tunnel, which 
& tends to move down when upheaval at the bottom of the tunnel is impending. 
ye In: addition, there is the pressure differential on two elements ts below the tunnel 
and the weight of the corner fillets. _ Eq. 346 is the check « equation and closes ‘ 
the pressure circuit from top to bottom ofthe tunnel. 


ee final equilibrium, th the equations for the top: vertical and the er 


4 stage of in which weight is being back to tothe tunnel. Th 
ut, top and bottom are now points of maximum prevents, and it is roomesved that 


= 


Relation of Shear Stress to Yield Value—In all of the equilibrium equations — 


_ the shearing stresses are set up in general terms, and specific values are yet to 


— 


q me be established. _ The correlation of specific values of shearing stress and the 


- shearing resistance of the soil as measured by test is the primary objective | of 
the investigation. This correlation may be made most conveniently in terms 

. ae of the ratio of shearing stresses computed from the equilibrium equations to at 

ji. * the yield value of the soil as measured. This ratio has been designated by C : 

and Ce and has been called the overload ratio, inasmuch stresses 
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The two controlling values of shearing ‘resistance are 200 Ib 1 per & sq ft for “ne 
a the average shear, Sa, at the depth of the tunnel, and°300 lb per sq ft for the aa 


average vertical shear, for the depth from the surface of the ground to the 
of the tunnel. By gubstituting the measured values of earth pr pressure 
fs shearing resistance in the equilibrium equations, the values of C; and C2 may 
_ be computed for the entire range of observation. It should be noted that C, i. 
-_Tefers to the shearing stress at the sides of a vertical column above the tunnel, 
a whereas C2 refers to shearing stresses that are mobilized in opposition to both " ‘§ 


oS lateral movement and upheaval into the tunnel excavation. The relative — 
of these two shear stresses depends upon the dimensions involved. 
In the ‘present « case, where the diameter of the tunnel is fairly large with respect vg “ 
_ to the depth beneath the surface, lateral movement or upheaval probably will a 


= 


Typical computations are given in the Appendix to illustrate the solution 
of the equilibrium equations and to serve as an of the accuracy with 


bend 2 ore for the limiting cases of ond final equilibrium, re- 
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Values of O 


45. ty Suear Srress wits 
"spectively, and thus represent controlling of shearing . The 
—_— » of variation in shear stress is shown in Fig. 45 by the change in C; and Cs % ee 


A. ‘The maximum and minimum v alues es are the controlling factors for practical 
application. maximum shear stress is represented by the overload ratio, 
& C2, equal to 1 .84, and occurs at the end of the first stage of pressure variation — 


_ more: e than three months af ter the : air pressure is released. au From this value of a = = 


7 


a 


the tunnel, a shearing stress approaching twice the yield value has been 
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permanently available. i is borne out the fact that the value of 


earth pressure in terms of the independent measurement of shearing resistance. 
z.. means, specifically, that for a perfect check the shearing resistance should be 
es: 12% gr greater than the yield value that was actually found by laboratory test. ae 
iti is impossible to state whether this margin of error is in the shear test or the | aa 
method of computing the pressure, but it is felt that it is well within practical = 
limits. he values of C; are not controlling g and they simply indicate the weight 
: transfer away from the top of the tunnel at various stages. The fact that Ge ake 
approaches zero in this particular case indicates es that the the vita pee at the the top 
_ Further proof of the validity of the equations used in the circuit method of _ 
computing pressure depends on the accuracy with which they reproduce all of 
the observed pressures. — _ Comparisons of of computed and measured pressures for 


- The computed 


Range of Readings — 
o——~ Measured Pressure 


a 


3 


pr essures are shown by dashed curves and have been found wre substituting 
the shear-stress values deduced from the previous analysis. ON ormal pressure, 


= 
~ 


ty 


= 46 indicates only that oie equations used are » capable of reproducing te #3 
‘Pressure variations around the entire circumference. The closure of the 


ure circuit is reasonably close and indicates that the equations are consistent ts 


nt figure as it represents the = 
The final value of the overload ratio is a significant fig the cheered 
— — 
— 
— 
— 
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— 
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uation, in which @ is the angle wi 
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es shown i in Fig. 47. In this case the measured yield value of the soil has been e 
to obtain the computed values” of the « earth pressure. The solution is 4 
=. as case 3 in the Appendix. It is assumed that in final equilibrium the bo 
trolling shear values are equal to the measured yield 


_ Pressure Computed 


4 


FINAL EQUILIBRIUM 

7, 1936 


ea equations may be solved for pressures at all other points. ~The dashed pressure — 

3 aul curves shown i in Fig. 47 indicate the ‘Magnitude of ‘experimental ¢ error in terms — 

: of measured pressures, corresponding to the 12% error in overload ratio pre- 

Suggested Design Procedure—In the preceding discussion the earth pressure 
was known, and direct comparison of measured and computed pressures was 
ig possible. In the usual design problem it is presumed that the shearing re- 

_ sistance of the soil, its weight, and the general dimensions of the tunnel will be 
known and that t the earth ‘pressure must be | computed. An examination of 
‘equations r reveals too “many for a direct solution, and 

‘simplifying condition must be introduced. 
of the most common a problems i in tunnel construction is that of esti- 

a mating the air pressure required under a given set of physical con- _ 
ditions. In this case the internal pressure supplied will be equal at all points’ 
in the tunnel, and this imposed condition makes the equilibrium equations of — a 
ee __ Inspecifying the shearing resistance to be used in computing the air pressure a7 
So. the time element is perhaps the most important factor. It obviously aS ‘ 
would be to use high enough air pressure to hold shear | stresses 
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In previous investigations : the writer had a of opportunities to 


Lae evaluate overload ratios for progressive settlement of large buildings and has a 
fee found them to be of the order of 2, or slightly more, without dangerously high hae ; 


rates of settlement. Si Similar study of embankments and open excavations has Ge ; 
indicated a general range of from 2 to 3 for these ratios. Based on these obser 
©. vations, the writer for some time has been using a limiting value of 2.5 for the a es 
“ae design of of bracing in open excavation or for embankment slopes where some 8 


A settlement was s permissible. Analyses of such designs that have gone through 
—. | 2 We the construction stage appear to indicate that overload ratios approaching or 
— i excess of 3 involve rates of displacement that are excessive and may be 23 2 a 
approaching the danger zone as far as slides are concerned. It is difficult to 
supply general design criteria for such a problem, as each individual case should 

3 receive special study. Among other factors, the volume of the mass and . 


general dimensions will affect materially the rate of movement produced. : 


Central Avenue Tunnel itself supplies the best example of a permissible 
ou overload ratio for the ‘specific conditions involved. As noted in the earliest E er 
results reported, t the tunnel | was | built under compressed air with | pressure of 
pa 27 lb per sq in. It also was found that this pressure » held the squeezing to 
= permissible limits but did not completely prevent movement. With this es s, 
¥ balanced air pressure it is shown in case 4 of the Appendix t that the maximum ean 


Boney overload ratio was approximately 2.8. ~ Conversely, it may be shown that if 


Be the overload ratio for design had been assumed as 2. 5, as previously suggested, a 24 
the required air pressure would have been 30 instead of 27 lb per 
4 a This i is a! fair example of present practice in tunnel excavation ‘and appears ay 


ao Sort 


to be quite representative. It seems probable that there are similar e examples 
available from the construction experience of other which would 


yield valuable design data if subjected to a similar anal 
ons ma 
‘The | following conclusions should to summariz | 
2, A consistent record of measured earth pressure over a period of ten 


«years indicated that final equilibrium was not achieved until five years after \ 
For the first 
three months after construction pressures: were decreasing, indicating a con- 
 jnereased for several y years until static ‘equilibrium 1 was achieved and soil 


Pe sistance values returned to the yield value as measured by independent shearing — 


minimum pressures recorded occurred at the end of the first stage 


of variation, at which time they were re practically the same at around 


tice the cire circumference of ‘the tunnel. 


i 
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(4) At the time of final he were about 
to the static head, or even slightly greater, whereas the lateral pr pressure, eed oa 


= duced the pressures at final equilibrium within in practial limits use 
shear values measured by independent laboratory tests. bat 
j ir (6) ‘Analysis of the temporary condition of equilibrium shortly after con- 
ten revealed that dynamic resistance was brought into play with shear 


+ 36 (7) Analysis of equilibrium involving the us use of compressed air indicated ae 


that the shear stresses would approach three times the yield value. 


a th 
"TYPICAL CoMPUTATIONS TO ILLUSTRATE THE | SOLUTION OF fai 


5,065 = 125.x 59.2 7,400 27600, 


(S: = = C;S, and = C2 8a) > 


5,345 = 125 65.6 0.84 X 300 X 59.2 X 300 X 59. 


4X C2 X 200 = 8, 200 + 1 ,160 — 1,380 C: — 800 ar 


8,200 + 1,160 — 5,345 2 


po 


= 5,065 Ib per sq ft S» = 300 lb per sq ft = 590.2 
R = 5,345 lb persq ft Sa = 200 lb per sq ft = 65.6 ft 
on p’» = 5,650 Ib per sq Ws = 860 lb persq ft Hy = 72.0 ft 
125 Ib per cu ft = 840 Ib sq ft 12.84 ft 
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Mes 065 + 860 7 


6,095 Ib per sq ft > 5,650 Ib per sq 


= 320 tb per sq ft = 300 per sq ft 
= = 5,805 Ib per sq ft Ba 200 Ib per sq ft 65.6 ft 
» = 9,120 lb per sq ft W, = 860 lb per sq ft = 72.0 ft 
125 Ib percuft W, = 340 ft 
7, idl 138. x ‘59. 2- 


2. 
400 — 7,320. 


H - — 48 = C8, 
0.03 x 300 X 59.2 _ C2 X 300 x 59.2 


4K OX 200 = | 


8,200 + 42 5,805 _ 


12 X 300 X 59.2 

112 x 200 x2 - = 


Pot W, + © = 7,320 + 860 + 22 = 7,820 + 800+ 170 


= 8, 350 Ib per 8q ft < 9,120 lb per sq ft. 


Case Final Equilibrium Using Measured Shear Values. 


5,805 Ib per sq ft 
= 300 Ib per sq ft 


— 
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PLASTIC CLA’ 


$05 $1,880 00 — 8.00 


125 59. 2-7 
1, 400 435 = 7; 835 Ib per sq ft >7 


» = 125 X 72 — 400 — 170 = 


Check 


ee 


= Pe + mere * = 7,835 + 860 - +170 = 8, 865 Ib per sq ins < 9, 120, 

‘Temporary Equilibrium Under Balanced ‘Air Pressure.—With a 
balanced air ‘pressure of 27 lb per sq in. in the tunnel, find various nines i 


Ib per 8q in. = 3 sq ft ft - =D = = 
8, = 300 Ib Per sq ft. Sa = 200 Ib p er 8q ft. 


xX Ci X 300 X 59.2 


8,888 = 125 X 59.2 — = 7,400 2,7 


“1.27 X 300 X 59.2 300x502 
3,888 = 125 x 65.6 | 


300 X 59.2 Cs X 300 


1,000 C2 — 
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M. Am. Soc. Cc. E.— study of gives 
r =; promise of effecting the next major ‘advance in the design ‘and construction ‘of wes 
underground structures. 
~ improvements i in the manufacture of cement and steel, and to a lesser r extent “< 
sat standardization in the choice of aggregates, so that uniformity in the c ordinary 
ao. _ construction materials may now be assured. The technique of concrete pro- 


portioning has become fully recognized so that, with proper engineering or- 
gaan, the failure of structures due to careless or ignorant workmanship is | eat 
eliminated. g The analysis of stresses, even though 1 many underground struc 
a tures are indeterminate, has been the subject of extensive ‘esearch and has 
ob ecome rationalized to such an extent that full dependence may be placed on 
the structures to withstand their assumed loads. Design assumptions based 
- upon anticipated earth pressures, however, still are irrational in the extreme Wa 
he and contain about as many unknowns as must have confronted the builders of e ge 
results of soil studies on the Chicago as outlined i in Mr. Peck’s 
‘paper, are a valuable contribution to the engineering profession i in a field that i is 
still relatively unexplored. hey indicate that, at a a moderate expenditure, soil 
carefully taken and properly analyzed i in ‘the can be 


ae 


assumptions as to the value of the lateral against open cuts can 
predicated. The results also indicate that, in tunneling through a wide variety — 
ie " of Chicago clays, with water contents ranging from 15% to 60%, the. structures 


it follows that the bending ‘moments so ) commonly to exist are 
= not to be found in the finished structure. The results further indicate that, in 
Es an open cut, by the proper spacing of wales and bracing and by pre-stressing — 


a - the struts to prevent deflections under | load, the adjacent ground movements pee 

‘These results go further than theory. They are of practical value. They 
= mean | dollars s saved in the elimination o of wasteful Idesign. They mean dollars 

saved in the ; prevention of damage from faulty construction, Alt vane 
oe The design assumptions adopted for the Chicago subway were in accordance e % 


with widely accepted practise. Although it was | felt that they were  ultra- 


4 i conservative, they were fully justified by precedent. 1 In | fact, in the absence ee 
, he of exact data at the time the work was started, any departure, from the current — 4 
practise would have been unwarranted. 

B The method most commonly | used is to assume that the soil is a perfect — 


‘5 fluid having an arbitrary density. is usually the result of 
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ike, 
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not fail when so designed. As a further factor of safety, instead of adopting ee Res 
tat one value for density, stresses are analyzed on the basis of of Neal ie 
equal, respectively, to 4 and to of vertical pressures, and the 
ty structures in each instance are made adequate to meet the most severe of bee Bet 


properties. and are ‘independent of. the depth of the work, 
mental results on the Chicago subway indicate that both the soil properties — ee 
and the depth are factors that affect pressures. In general, the fluid theory 


d rrat 1 and most inst nces will heed to uneconomical 
= to be irrational an in most instan a 


The chief inherent fault of the fluid hypothesis is that the total he il 


— 


= fact, however, the test results show that total pressures at moderate para "hiss 
ea are less than those computed on the fluid hypothesis, althou hat. extreme = ol 

hc reverse may be true. Further, ‘the Chicago clays are shown to act in con- 

-— neotion with excavation work as if they have an angle of internal friction of 0°. is 
- follows that any assumptions that neglect the ‘significant | soil properties | are 4 
ie side, occasions may arise wherein such assumptions would lead to unsafe de- — 

fs ta signs. Mr. Peck’s suggestions that the unconfined compression strength of = 

the soil and the depth of the cut be used as factors in determining total lateral _ 
 Presure and that pressure diagrams be developed from this data, seem to 
aa _ offer a logical and relatively simple approach to the fixing of this very essential - . 


nt of 
of great value in establishing safe construction procedures. Theratesofmove- 

: Aad of the clay in tunnel headings were observed by spearheads driven into 


2 eae, * the clay i in advance of the headings, and from these measurements practical — 


from so-called “squeeze” tests. By close observation of the extent 
x ~s a the movements and the time intervals involved , practical limits for spacing a 
Pay. a lateral braces were fixed and measures taken for pre-stressing the tunnel 
linings to avoid undue or unsafe ground settlement. 
In open-cut excavations on the Chicago ‘subway, extended observations ‘a 
- were made as outlined in detail in Mr. Peck’s j paper. This supplied the neces- et 
a _ sary data for the determination of the safe vertical spacing of the wales and 
bracing, the depth of penetration of the | sheeting, and the magnitude of pre- 
4 2 stressing of the struts required to prevent untoward movements of the adjacent — 


and to keep settlements within practical 


- Chicago subway 1 were collected during the progress of the work, ‘and were thus 

—* late to affect the design, this branch of the engineering service was of — 
benefit on construction procedures.’ Itisf urther felt that the results will be of 

aes _ inestimable value for future designs both to the. city departments in new public 
and aleo to he engineering as tests not 


irrational and, although generally the accepted assumptions are on the safe ae a 


Gin he 


—eyeles of operations were established. Similarly, lateral movements were de~- —_— 3 


Although much of the experimental data obtained from soil tests on the 4 j ; 
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ee furnish more exact knowledge of the physical eiapaiatid } Chieago clays ite 


has heretofore been available, but they also point the way to a more rational j 
basis of design and to safer construction procedures. 
Lennart,” M. Aw: Soc. C. E- The Central Tun 
- described by Professor Housel, was designed to convey a 60-in. steel water aes 
main beneath the classification yards and main-line tracks of the ‘Michigan 

- Central Railroad Company and two grade separations, There were twenty- 
‘pus tracks at grade to be passed under and seven tracks carried on the separa- 
which supported the “hump” tracks of the Michigan Central classifica-_ 
tion yards, _ The volume of traffic on the tracks, the character of the soil, and ey 
probable future grade separation led to the decision of carrying | important 
transmission main beneath these obstacles in the tunnel. 
‘iat ‘The tunnel as constructed was some 1,200 ft long between center lines of _ 
: “ghafte,. The inside diameter was 9 ft 6 in. with an average wall, thickness of 
about 20 in. Reinforcing steel was | used which consisted of 1-i -in. square > baa 
eo on the inside top and bottom quadrants | of the lining and #-in, round bars on 

‘the outside at the spring-line quadrants. Spacing averaged about 12-in. 
-_ centers. ie Longitudinal steel consisted of j-in. round bars : at 18-in. centers. 

~The ‘soil encountered at tunnel depths “was 3 a typical ac soft Detroit blue clay 
which is known as “squeezing” clay. _ Therefore the specifications required ya 
the work to be done with compressed air. With the Pressures used there was 
little subsidence of the ground ‘above the tunnel, and slight ‘sub- 


sidence of grade- -separation abutments was recorded. — No particular construc- 


on compressed air tunneling in soft blue clays. where unremitting vigilance i is 


Be aay. Mining operations were conducted during the day with a usual Progress of 
12 ft to 15 ft per shift. Crown planking was not used except beneath the | rail- 
 ¥ tracks where some eight to ten planks were carried. The concrete lining 
was placed, on the night : shift, to within about 3 ft of the tunnel face so that 
ee)" no time, “extent 0 over week ends; would more than 3 ft. of tunnel be exposed 3 
a period of 24 hr. Over week ends the tunnel face was well breasted. 
__ _During the progress of the tunneling, grout | was forced over the concrete 2 
ulkheads every other through grout holes. spaced at a maximum of 10-ft 
cs centers in the crown with additional grout piping at the upper quarter points 
where they were believed necessary. few grout holes were also Placed 
We the spring line and at the invert as checks; but no grout could be placed except . Be 
‘through the crown grout holes and occasionally at the upper quarter points. q 
When the tunnel lining operations were completed grout holes were cleaned a A Ae 
and the tunnel grouted to refusal. 
Baie fy is the writer’ 8 opinion that the grouting tended toward uniformity of _ 
mat” soil pressures during the early months. . Grouting pressures ¢ did not find their 


ultimate release until some time after the tunnel was constructed. is ¥ was 
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es were encountered Other than the usual dilicuities attendant 
mater and air under pressure. ‘This could only have originated from the grout: 
™ Gen. Mar. and Chf. Engr., Dept. of Water Supply, Detroit, Mich. 


1062 is 


as 


was also observed in pressure cells installed in other ‘ahaa during construc- 
of the Springwells project? Unfortunately access to these cells is no 
longer available due to the use of the tunnels. 
The pressure cell measurements again emphasize the necessity for speed lin 
ground tunneling operations. Further, the Central Avenue Tunnel is a 
relatively rigid structure and, as such, is essentially different from thin- 
Nod structures, which, due to la large deflections, utilize the passive res of the 
soil to maintain uniform pressures around their circumference. be 
Professor Housel has presented an ingenious analysis of an 
“« ae ina plastic clay soil which cannot help but challenge attention. — It should be a a 
n . stated that his analysis i is based entirely on the concept of soft clay as a truly 3 ; 
cohesive material. The fact that he closes his through the various 


ff 


E. . SHarer,™ Assoc. M. Am. Soc. C. E—From the 
of a practicing engineer as contrasted with the soil-research engineer, it is. 


a. 


i supported by an undergound structure such as a tunnel. Professor Housel 
ae i has applied theory to a 10-yr experiment and has arrived at a workable solu- 


4 tion to an age-old problem in: which the structure to be built v will be in siein 
‘ ba il soil. This is a valuable contribution to the profession, as any one will appre- : 
Bee of - ciate who | has had the problem of determining pressures on conduits installed 


True, Anson Marston, Past-President and Hon. M. Am. Soc. C. E., and 


his associates at the Iowa Engineering Experiment Station have conducted — 
research over a long period of years on pressures on conduits, and the result, $ . 


of that monumental work* has made the design of certain types of conduits sz 5 
rai science instead of guesswork; but the Iowa research was concerned with con- 8 
duis placed i in open trenches or on a top of the ground and then covered with © ee 


earth, whereas Professor Housel’s work deals with structures on which the — a 
load comes not from earth placed on or against the structure by man but by ss 


readjustment of Plastic earth itself when of its Support has. been 


__ Engineers who encounter the problem of bisa pressures for the first time — = 


are ) surprised to learn that tunnel structures are designed more by tule of 
‘thumb than | actual design data. . Ther reason, of ‘course, is that until quite 


ae very little was known as to the magnitude of the pressure to be sup- ey 


¢Chf. Engr., Armeo Culvert Mfrs, Assn., Middletown, Ohio. ong ate baa 


ling operations. Upon 0 
— th lining the water wae platy cider 
iy 
Re 
leg 
| 
Fy 
| 
ag RES, 
— 
ae 


ported, and still less as to the distribution of that 
as There are two distinct parts to the problem of pressures on tunnels (as 
4 ve revealed i in Professor Housel’s paper): One is the initial pressure, which governs a 
| _—cthe ‘design of the temporary lining of the tunnel; and the second is the maximum ae pag 
final pressure that will govern the design of the permanent lining, = 
a Some years ago when the organization with whi which the writer is associated — 
entered the metal tunnel liner field, the writer was amazed to discover that 
there was no rational basis on which to design liner-plates and no way but se ts a 
se costly experience for the contractor to determine how much strength his plates — * 
rould require. p practice was (and still is) to place the “burden of proof” 
; rs. on the contractor, who was expected to use his experience on other jobs to or 
a = _ determine what liner-plates he should buy for this particular contract. He oS 
os may buy heavier plates than necessary, in which case no one will ever know how 
much money might have been saved if science had replaced guesswork. If the es, : 
_ contractor is optimistic, the chances are that the plates will be too light andhe 
rs. is then faced with all kinds of trouble such as the danger of physical injury oe 
er. workmen, putting in compressed-air apparatus, getting structural reinforce- a 
r Se ment members, or trying to get the plate manufacturer to take back a few wo fa: 
a: There are, of course, . certain limitations to the application of the method (ee 
BS proposed by Professor Housel. In the first place, it applies only to soils in Ris : 
which the shearing resistance is a function of true cohesion and independent of = 


internal friction. In the language of the practicing engineer, this means what 


g 


generally classified as clay, and except for tunnels in bedrock probably 
cludes a large percentage of the cases encountered in practice. 


stated by Professor Housel, the pressure equations do not permit a direct solu- — 3% 


Re tion without the introduction of simplifying conditions. If air is to be used, gS ts 
this is one of the simplifying conditions through the introduction of equal — fi 
ws "pressures at the top, side, and bottom of the tunnel. fh making use of r measured — 
.- values, it is necessary to select what the author terms an “overload ratio.” 
Fortunately, enough experience is already available to permit the engineer to. be cae 
investigation has brought to light one phenomenon which may 
— and that is the possibility of a decreasing load on the structure for the — 
& first three months of its life. e However, tt that is not as as important to the engineer 
a or contractor responsible for the temporary lining : as is the fact that the initial _ 
load on the temporary lining does not increase for this period, which fica 
give sufficient time for placing the permanent tunnel structure. DRS 


Es W The results on time required to reach final equilibrium check q quite closely 


the results of Dean Marston’s experiments, previously mentioned,* _ 4 
though naturally the final loads could not be expected to be similar, 4 
4 = Given the shearing values of the soil (which, of course, will have to 


a - determined from soil samples obtained at the site for that raters and suffi- 


for a tunnel and the Permanent structure a as well 
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Es ‘search men are too theoretical and abstruse. Here is one excellent example os a 
a practical application of soil mechanics, an application that can removea 

Jot of guesswork and save contractors and owners sizable sums of money. ‘ies Ss 


masses in which condition of equilibrium has been disturbed. 


| ‘one hears the criticism that the studies of soil mechanics re- ae 


+ is M. E. CHAMBERLAIN,” Assoc. M. Am. Soc. C. E.—During the construc- 


j a tion of the Chicago subway, the writer as one of the consultants followed with - fs 


interest and profit the soil investigations outlined in this Symposium. To 4 a 


‘ae ~ state that construction methods during the building of these works were in- 


Po fluenced, to a great degree, by the results of these investigations would be an a 


instituting these investigations contributed greatly to the safety of construc- 
_ tion and economy. Careful examination of the results will make for antes ; 
safety a and a considerable saving in future construction. Design of — ae 
‘construction, in this class of ground, may be approached with a much clearer & 
understanding of the problems involved. = 
ps In the main, as I noted, the material found north of the Chicago Riverisa 
ee stiff blue clay at the depths involved in the construction, and it is to the capacity ve 
4 of this material to. arch and resist shear that the succssatul use of the so-called — 


The farsightedness of “Messrs. Harrington and Burke in 


; Some of these Semanae had an outside diameter a as many as 12 ft. a 
af these works the permanent lining i is extended almost to the face of the excava- 
tion at all times, thus reducing to a minimum the amount of ground open at 
any one | time. Be The time that any re is 8 without support is is about the same 


ount | of settlement increased in the softer clays. a $45 4 
al To combat this settlement @ method of construction known as the liner- 
plate method was developed, in which light steel plates were placed in contact Be 


ba with, and jacked hard against, the ground as soon as it was exposed. — pee 


> Pi. plates were supported first on the bench and then on a needle beam ahd at - 
1 


oF near the “center of the tunnel. ey After the predetermined length of tunne 


been excavated and the,temporary lining placed, the jacks were removed 
as the concreting advanced. Grouting of the lining was 
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— since, for years, it has been broken along the full length of the work during 
_It is a matter of common knowledge that the stiff blue clays found in this 
“region have a verv strong structure. as evidenced by the manv thousands of 
— 
— — 
— = 
— 
— 
— 
— 
— 
— 
— 
— 
fe ba, . this method was that no part of the overburden was without support at any [a | 
time prior to the completion of the permanent lining, 
4 he Col., Corps of Engrs., U.S. Army, Sault Ste. Marie, Mich, 


clay a and other materials in the twenty years 1922-1942 without any | consider- 

able amount ; of settlement, | including the trunk sewer (16.5 ft in outside di- 

= in the City of Detroit. In four of the Detroit tunnels there was only 
the slight uniform settlement of the pavement caused by the initial movement 

‘ ar of the clay that had been found to be unavoidable in Chicago. It is interesting 
as note that, in Chicago also, the settlement was confined to an area of less 


than twice the width of the structure. hy sd 
ae a _ The use of the liner-plates became a very popular method of constructio 


= until: the desire for long traveler forms for concrete, greater daily progress, and 
the application of plates to large-diameter | tunnels caused the introduction of 
a internal supporting ribs. The introduction of. ribs, and the elimination ie 

of: the complete 24-hr cycle of operation from the start of excavation to the 
ae completion of the permanent lining, changed the liner-plate method back to the 
oldheadingand bench method. 
For a number of years the use of steel ribs with steel-plate lagging has been 

a standard in Chicago. "Many sewer tunnel sections of the Sanitary District Be cP, 


Te have been built with complete success. Since the ground conditions in the 


northerly | sections of the subway work | varied but little from those w hich 


4 


advanced for not using a similar type. of structure. The fact that the cross 
section of the subway tunnels was greater than the cross section of those pre- 
a viously built did present many problems, as the works were to be built in a et 4 
' oe thickly populated part of th the city, and settlement vhad sto. be reduced to a 
e a It was recognized that the use of any method of construction involving 2 ; 
« open heading and bench excavation depends in great measure on the capacity — se 
ei the ground to arch and to support itself for at least a , period of time n necessary ae, . Fe ; 
Sm to the placement of the temporary lining. As no records of actual measure- Nes 
- ments of the magnitude or direction of the loads to be omc by the temporary — 
lining were available, it was necessary to depend on the results observed in 
“a Work was started on contract S-5 (Fig. 1) in what was considered good 
lay. . Steel ribs with liner-plates bolted to them, but set away from the clay 
— to provide space for packing and grouting, were used. It became apparent i in = 


a tributed to excessive settlement and caused ae developiient: of weight that 
ae on several occasions resulted in severe distress of the ribs Diet ieee 
a a! The aforementioned situation offered a fertile field for investigation, and 
hae actual measurements of the loads being developed were made. Careful study : 

of th these data made it possible to improve methods s immediately, and on con- ie 
tract 8-6, in clay of the same stiffness, ‘it was possible to reduce settlement 
materially. _ The principal changes that were made on contract S-6 were ) the 
Ph development of a plate that o could be blocked or wedged to contact with t A 


clay wae the use of wall at thet spring line. Of all the i 
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i a personal equation which makes for perfection in wor 


provements, most important was the use of the as it was pos- 
_ sible by means of jacks to ‘Place the full arch i in bearing and hold it until the 


+ Tay Many of the difficulties that now seem inherent in work of this coon 
ae, — can be. ‘eliminated, or greatly reduced, by careful study of data such as those i 


ste contained in this Symposium. It is to be hoped that similar investigations — 


~ South of the Chicago River, after a careful examination of available data 
having to do with the subsurface conditions, and after evaluation of the pos- — 


gible difficulties due to heavy loading of the large structures along the line 


e shield method was adopted, and it proved very a 


id The clay i in both the sections driven with shields was stiff enough to permit 


er; line and grade to be maintained with the jacks ¢ and ; a judicious use of taper “ae = 

bag rings. This fact made it possible to control the grade of the street by the a 
eo amount and speed of the flow of the plastic clay through the pockets of the age 
shield. The surface of the street was under* observation of level 


— not respond to pressure, indicating that the use of any but the shield és . 


method would have allowed com 


ti is interesting to note that, for almost the full length of the shield- driven q 

tunnel, the volume of pea gravel used to fill the void caused by the tail of the a 
hla exceeded the theoretical void. Mg This would indicate that the action Of 

the shield caused rupture of the clay even in these soft areas. 

ee is one conclusion drawn by Professor Terzaghi from the investiga-— hy 

ag tions on this work with which the writer is not entirely in accord. In the s 

matter of future design of ‘tunnel structures 3 of the magnitude of the ones 


a in = 15, he shows a thin-walled structure, the design of which ae 


workmanship must also be eae. 
in mind at all times. 


A. Enemy,” Assoc. M. Am. Soc. E- —In the computation of the 
Associate Prides Engr., Bridge Dept., Div. of Highways, State Dept. of Public Works, 


_ the work, it was decided that the clay was too soft and plastic to permit the Bs ae 3 
use of the method of construction that had been started on the northerly ee 
contracts. "Therefore, ‘th 


will be no disturbance of the ground adjacent | to the structure, 
ae writer would be willing to explore the possibility of such a change with more ae a 
ae enthusiasm. Consideration must also be given to the fact that concrete and ~ ee 
other lining material may not measure up to. laboratory standards. The 
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‘parties and, when the rise or fall of the street exceeded predetermined amounts, 
— he heading was notined ang orrections were mane in ne openings oO ne § 
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driven. it were possible to state that the eround through which anv con- 
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ces _ Clay Pressure on the Finished Tubes’’) that ‘It would be idle to attempt to 
uestion on purely theoretical groun However, any one mak- 
pee ing an experimental study of the various factors affecting the distribution of 
‘the tunnel pressures cannot attain a reliable result without @ rational basic — 
theory. Furthermore, in order that the method of | computation may 
: ate applied to the various cases of tunnels and tunnel loadings, the assumptions | 


have the least possible number of limiting conditions. { ous 


that produces a load on the tunnel lining i is s equal ‘to the sum a the tunnel 
aed twice the of the tunnel walls. Generally, the height of the 


Terzaghi’s method of the soil prism will not sepresent the 

teristic form for the pressures on a t tunnel lining. In Eq. 2 Professor ‘Terzaghi 
& assumes that the vertical load carried by the soil at the back of tunnel walls 
doe is equal to 2 q, H;. It is to be noted that this is true only in the case of failure ea 
Hee or when _ the tunnel footings are ‘yielding. Obviously, | the footing pressures: pie 
shown i in ‘Fig. 9 at the initial step of be much ‘greater than that 


the final test of whether not the measured | pressures.’ 

& True, it is difficult to prove the relation between Eq. 32 and Eq. 34a 3 
ee Eg. 3 32 the shear factor expressing the horizontal pressure on 1 the tunnel lining 
das as transformed from the vertical pressures in the earth | prism is 48. In Eq. 

oe, on the other hand, the shear factor expressing the upward vertical pressure 
on the: invert arch in the tunnel lining as transformed also from the vertica 
‘pressures in the earth prism (or with respect toa change i1 in direction of stressés 


; 


ed M. Am. Soc. C. E—The papers included in in 


<7  posium contain some of the most worth- while e information that has ever been 

} cas published about the behavior of soft plastic clay. In addition, the correlations 
laboratory tests and field measurements offer an excellent opportunity 

Ke for comparing two fundamentally different methods of laboratory test procedure. 
mae On the Chicago subway work, the shearing resistance of the clay was de- 
termined by means of unconfined compression tests. Soil samples for this test 
e usually are obtained in thin-walled seamless steel tubes. In the unconfined 


— 
= 
_ his paper Professor Housel has developed the “circuit for 
puting the pressures in the tunnel lining, based on various approximations. 
He states (see heading “Analysis of Earth-Pressure Measurements”) that 
— 
— 
— 
nate equation for the — 
3 


a “compression test, a emall cylinder of clay i is in the testing machine and 
a - see tested to failure just as a concrete cylinder is tested for its ultimate compressive 
“ er strength. In some cases, the Chicago t test specimens failed on’a shear plane Be 
 ~passing g diagonally across the specimen. In most cases, the specimens did not 
fll completely but simply bulged like a barrel. Whenever bulging of this kind | Be 
‘ occurred, loading was continued until the height of the specimen was reduced by ie 
20% of its original height. ‘The shearing , resistance was defined as one half the 4 
ye ees at which the specimen failed completely or as one half the load that pro-— 433 


20% strain in those specimens that bulged without failing. 


i 
- SEAMLESS TUBE SAMPLES 
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the Detroit tunnel work, the shearing resistance of the soil was de- 
Bi termined by means of the ring-shear test. Soil samples for this type of test are 4 a 
i is. ‘obtained i in the field in sectional brass tubes which are designed to fit the labo- __ 
- ratory testing apparatus. The tube is about 7 in. long and is cut crosswise into 4 


= sections. The tw o end sections are e each about 3i in. long and the center 
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] 
— 
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ae a horizontal position i in the alates machine and the two end sections are . clamped = Ry. 


- inplace. Load is applied to the center section so that the soil sample is tested m 


dike a rivet in double shear. This type of test has shown that deformation — eee 
under a given load practically stops in a few minutes when the load i is very small. 
As the load is increased, deformation finally becomes progressive and the ae 
yy - continues to yield without any increase in load. The test results are plotted in 


| a manner that the curves indicate shearing resistance at which pro- 


dn 


» 


4 


7 

_ Water Content, Percentage of Dry Weight — 
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Ibis seen readily that these two types of tests are fundamentally different so 


- that it would be a matter of considerable interest to determine what relationship _ Wiggs 
fics might exist between the shearing resistances determined by the two methods. a 


It has been the writer’ 8 privilege to work with all ‘three of the Symposium 
authors for many years, but he is familiar with orly one case in which both types gt 
as of test were made on soil i samples secured from the same site. _ This project was Rr ee Bs" 
that: near Indiana Harbor, Ind., on the s south coast of Lake Michigan. On this 
Bs job a total of 120 samples were secured for ring-shear tests and 17 samples for a 
compression _ tests. The. ring-shear samples were taken in n the 
standard type of apparatus used by Professor Housel and the tests were > per- ask 


formed in his ~The for the unconfined teste 
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were taken in seamless same that were used on™ “the 
me Chicago st subway and these samples were tested by Mr. Peck in his laboratory. oi im 
oan The soil conditions over the entire site are quite uniform. A bed of sand “4 Ree 
about 40 ft thick overlies a bed of plastic clay 60 to 70 ft thick. Theupperpart 
of the clay bed is quite soft but the clay becomes increasingly hard as the » depth 
3 increases. Fig. 48 is a composite diagram showing the results of tests on ioe kien 
ak samples taken from two borings which were about 75 ft apart. As far as 
a natural water content is concerned, the two sets of samples di differed very little. on 


_ On the other hand, the shearing strengths s determined by the two different test a , 
methods are vastly different. The unconfined compression tests 
th ‘a seamless tube samples indicate a shearing strength that i is very much greater — { 
In connection with the Chicago subway work, a elaborate statistical — 
analysis was made to determine the relationship between the natural water 
content and the unconfined compressive strength. Although the analysis 
ne Se indicated large standard deviations in the statistical relationship between these ii 
os two variables, it did show that the results tended to cluster about an average — a 
3 Bees: a value. “ Fig. 49 is a semi- logarithmic plot of the Indiana Harbor test results a 
showing the relationship between natural water content and shearing strength. 
ae ¥ _ For a given water content, the shearing strength can vary over a wide range. 
However, the dotted curve is an approximate average of the resulta obtained 
from the ring-shear tests. Fora any given water content, the solid curve repre- 


~ 


_ sents shearing strengths that are five times as great as those of the dotted curve. =. 

is seen readily that the solid curve is a fair average curve for the results ob- 
- tained from the unconfined compression tests. In other words, these two types 

; a laboratory tests were made on soil samples taken from the same site and the 


“ultimate: shearing resistance” of the The ring-shear test determines 
quantity that should be called the “elastic limit” or the “yield point’’ of the 
clay. This fundamental difference raises the question of the relative merits of 
An : Wy the two types of tests as a means of investigating the problems: to which the ae 4 ie 
i ss test results are to be: applied. In tunnel work and in large open cuts such as are ie ‘= ; i, 
deseribed in the Symposium, there is always some flow in the clay bed. 
other words, the stresses in the clay approach the ultimate strength of the clay 
that movements occur which are often of considerable magnitude. iif the 
| 


es a fined compression tests, the designer will know at what stress he can expect the a 


clay to fail If the laboratory determines the elastic limit or 
a 3 ee Ben point of the clay by means of the ring-shear test, , the designer will be — _ te 
forced to use some kind of correction factor such as the ‘overload ratio” ~ 


Bite ree. Consideration of the significance of the overload ratio leads to the conclusion 
= _— that it must depend on several factors which can vary over a wide range. In oa 


— 
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_ about five times as great as that determined by the ring-8 
Hey 
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the first the numerical value of the overload ratio on the - 
ratio between the stress at which the clay fails and the stress at which it starts 
to flow. In the second place, the numerical value of the overload ratio must 
ea on the effects of progressive failure in the soil mass in the field. 
os As to the ratio between failure stress and yield stress, this can be practically by ee 
ity but it might be as great as 4 or 5 if not greater. For example, Fig. 50° oe | 
“shows ‘the results of several unconfined ‘conapression tests ‘om undisturbed 


a plastic limit of about pes 
25%; and a liquid limit of about 500%. As can be seen from Fig. 50, the | 


ab 


 Failureby 


stress-strain curves are practically straight lines all the way out to the failure 
ee In spite of its s plastic properties, this clay behaves almost like a brittle | 
= There is no yield point until the failure load is reached, so that th 


tatio failure stress and yield stress i is practically unity. On 


by the test. Itis to expect that the 
= between failure stress and yield stress might be even greater than 5 in 
some cases. Accordingly, a designer, basing earthwork computations on the 
yield value determined in the ring-shear test, would have a difficult problem in _ 
ne choosing a proper value for the overload ratio. The tendency, almost certainly, yy 
‘The effect of progressive failure in the soil mass in the field can 1 also vary 
ae over a considerable range. The term “progressive failure” refers to the fact 
isa that: the soil does not necessarily fail everywhere at the same time. In some 
cea cases, progressive failure occurs because the stresses are much higher in some 


& parts of the clay bed than they are in others. — For example, if a square bearing | 


block i is used to ma 
<i edges « of the plate before it fails under the center of the plate. In 


h 
| 
e 
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cases, progressive falar. occurs because the shearing strength of the clay varies” 
in different parts of the clay be bed. In In such a case, the weaker t layers might fail as * 
first, leaving the stronger layers to carry more than their share of the load. It — ' 
on is very probable that progressive failure is often caused by a combination of _ 4 
these two factors. In any case, the effect of progressive failure would have to 
_ be taken into account in the choice of a numerical value for the overload ratio. 
uy Here again, the tendency on the part of the designer would be to stay as far o~ 
possible on the conservative side because he is dealing with failure cane 
whereas the laboratory tests have determined the yield stresses. 
ee _ From considerations of this kind, the writer has come to the conclusion that 
the unconfined compression test represents a more approach to 


tion of tunnels, open cuts, large in n plastic beds always in 
volves some flow of the clay toward the excavation. In other words, the clay is ar a 
= well beyond its yield 1 value, and in some parts of the e clay bed the a 
: stresses might reach the failure value due to the effect of p progressive failure. ae i 
te Accordingly, it seems to the writer that it is more logical to determine the __ 
failure values i in the laboratory and to work with them rather than to 
the yield values and then to increase them by means of an overload ratio. — a 
food _ There is one point of considerable importance which is referred to by “a ‘ 
‘the Symposium authors. Apparently, they all agree that the shearing 
ral deposits of soft plastic clay i is due to cohesion only. th 


point that should be kept in mind by desi signers making earthwork 
M. Burmister,” Assoc. M. Am. Soc. C. E—This Symposium i is 
ae outstanding contribution to the knowledge of the forces and physical factors — 
involved in tunnel and open-cut t construction i in plastic clays. . ,The authors are 3 
pa - be e congratulated for ‘the ‘presentation of this valuable information to the 
~~ profession. The importanes of their investigation is threefold: (1) A <- 
y. Scientific approach i is offered for the i investigation and the practical solution of — 
- such problems; (2) usable criteria are suggested for safe and economical ‘design 
Poy and construction; and (3) control criteria and procedures to be used during 
: a construction are developed to meet and anticipate changes in subsurface con- 
ot ditions for the worse and to m minimize settlement due to tunneling ‘and o open-cut bs 
= _ The writer was impressed greatly by the comprehensive program of soil 4 
investigations conducted on a time schedule that permitted the use of the in- — , 
formation for construction purposes. — as This v was obviously not a research prob- - 
a practical problem of soil ‘mechanics on mass-production basis. 4 
The construction experience itself is evidence of the thoroughness and the ~ i 
- efficiency with which this program was planned. . Iti is interesting to note that 
_ reliance was placed primarily on the results of two simple soil tests—moisture _ vy 


content and unconfined had a direct on the 
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- in The method of presenting and in interpreting the date i is especially 


‘First, he states that when dealing \ with stratified water 
"laid deposits, and also the ioo-tnid deposits of the Chicago region, the average 


the individual records would lead one to expect . Thus, considerable reliance ast i 
oa be placed on the data regarding subsurface conditions obtained from quite 

e widely spaced borings, as commonly used. The greatest uncertainty lies in the 
= ee possibility of | missing some abrupt change for the worse in the thickness of the 


1 
deposit or in stratification. Analyses of foundation conditions for a number of 
= important projects, covering quite large areas, by the writer have borne out — an 
similar conclusions, including the consolidation properties of clays and critical 
density-pressure 1 relations for deposits of fine sands. 
Ps. a second conclusion of great consequence, Professor Terzaghi states that, — 
ae 4 on account of of the mechanical properties of undisturbed clays, avery small yield - 
7 to develop all the strength the clay has. In | discussing the latera 2 
1 - pressures in the ‘Chicago clays, Mr. Peck states that a lateral yield of slightly - 
“earth | pressure to the active value. _ This is is in contrast to » the opinion. commonly 
held that opportunity for lateral expansion sufficient to develop the major part Lu 
“of the shearing strength of soft clays is never realized. Ws Obviously, the yield 


- -Tequired will depend on the strength of the clay itself and on the stress-strain 2 


is properties. The zone in which the lateral yield must take place may be con- 
ee more restricted or limited i in extent than formerly believed. In the 


s, if consistent 


 steengs and the measured distortion in the tunnel section, the ‘ ener: into 
the tunnel, and the lateral yield i in the open- -cut section. fea}. a0 


increase | with the depth of f overburden. Hence, the compressive 

i dst + a strength was considered to be more indicative of the shearing strength of the ; 
; ae clay. Professor Terzaghi states that he has not seen any evidence of the | ee 
: et * istence of a direct relation between shearing strength and depth of overburden 

soft clay deposits. This phenomenon ¢ exists in the softer Detroit clay 


ions of the subsurface co nditions of f the very soft deposit of or- 
4 ganic i aly ely at the F lushing Meadow Park site for the New York (N. i 


pressures were constant throughout the full depth of the deposit, some 
40 to 60 ft in thickness below the surface root mat, whereas in a natural state 
et complete consolidation one would pat that the water content would de- 


‘Laboratory 
actions, Am. Soc. C. E. 
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A third conclusion of great 
— 
— 
— 
=x urmister, T'rans- 


: P 3 7° water pressure in the sand strata beneath the deposit. Such a condition, ne 
an infinitesimal flow upward, would induce permanent hydrostatic stresses 
eee the } pore water, which would limit consolidation so that a certain proportion — ; 
of the overburden pressure at every depth would be carried permanently by . ° 


a “4 pore water pressure. However, the shearing strength, in any case, was | found — 


4 


a to be substantially directly proportional to the preconsolidation pressure evalu- ¥ 
od from consolidation tests, whether it is less than, equal to, or greater than — “a 

5 the existing overburden pressures, which vary with the geologic load history of at ‘q 
the deposit. This preconsolidation pressure represents the effective stress 

acting on the grain structure of the clay. In a closed system (which is always 4 
a aan the case in a large mass of relatively impermeable clay), any increase in stresses 
: ; a from any cause above the preconsolidation pressure is carried entirely bye excess 

“2 ran en hydrostatic stresses in the pore water. _ This is a consequence of the character- _ 
we ee istic phenomena in clays—a tendency toward a decrease in volume under shear- 

ing stress—which always accompanies shearing deformations. Hence, at con- 

, stant volume shearing, the « clay behaves as though the angle of friction ‘equaled 

zero, and only the strength due to the effective 


stresses—Smax_ = 3(p: — ps). Since the applied lateral pressure ps 
ae zero in the unconfined ¢ compression test, the maximum shearing strength i 18 zs 
equal to one e half of the maximum n applied vertical stress, which is the 


fined compression tests, it bee been the writer’s experience that the shearing 
bs strength obtained by testing a specimen having the full diameter of the undis- + 


eh os from the central part of the sample with a maximum width, about one half of © 
ia, the diameter of the undisturbed sample. Also, it has been his experience that — q 
ve aed direct quick shear tests yield values which may be 90% or less than those = 
s obtained from unconfined compression tests on specimens cut from an immedi-* 
R ately adjacent part of the sample. This is believed to be a consequence of © 
- the progressive nature of the failure conditions inherent in the direct shear test 
Also, this may account for the fact noted by Professor Housel that, 
_ for a perfect check between measured and estimated pressures on the tunnel, oe My . 
the shearing resistance should be 12% greater than the yield value that was a 
found experimentally by ring-shear laboratory tests. 
outstanding achievement of this Symposium is the development of 
ae rational methods of analysis, design, and control of construction procedures for 
= tunnel linings and sheeting and bracing in open cuts in plastic clay, which are) 
such close with measurements. The most important prac- 


a turbed sample may be only 75% of that obtained from a prism carefully cut (i as 3 _ 
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grease and the preconsolidation pressure, and hence the 
| i sit. Sucharadical 
would increase almost directly with the depth in the deposit. 
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My 
measure of the natural shearing strength of the clay, as 
Professor Terzaghi. The writer prefers to think of the m 
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on PLASTIC. ouay ee 1075 
™ tical for future construction are (a) The distor- ie, 
N 


Po Sw and pressures in the tunnel lining in the Chicago clays and the settlement 
ee _ of street surfaces; (b) the magnitude and distribution of pressures in open aes 
be = and the yield in the bracing system permissible to limit. adjacent su surface settle- a. 7 
i ment; : and (c) the distribution of pressures in the tunnel lining in the e Detroit rors: 


> 
Le fied n more positively. jy Iti is suggested that diagrams showing the range of soil 


Woe, es properties and conditions should be included, if fairly consistent relations exist, 


A, _ for example: (1) Maximum unconfined compressive strength or shearing strength — vat 
“een versus moisture content, relative density—D d = , and corre- aa 


r oot 


strain at maximum strength; (2) maximum shearing and a 


and horizontal pressures es observed; (3) ‘maximum 


—— and corresponding strains versus the measured pressures and yield i in Wes 


bracing system in opencuts, 


P. Tscuesorariorr,® M. Aw. “Soe. C. E B—The studios de 
seribed in this Symposium mark an important milestone i in the development 
applied soil mechanics. Well-organized, full-scale observations were I made 

during and after construction in combination with extensive laboratory 


_ field tests. This research made possible a scientific comparison of the observed = =_— 
facts with those which should be expected if existing theoretical conceptions — see 
were valid. Only continued studies of this kind on future structures in many : 

locations promise to give foundation and excavation engineers areal knowledge 
bn of the actual, instead of the assumed, factors of safety provided by their designs. fs oy 
In this discussion, the writer mainly wishes to indicate some generalizations’ 

made by the authors of the papers of this Symposium which do not appear ees 
a be justified entirely i in the light of experience elsewhere. In so doing, the writer Ba 
oat sn not wish to detract, in any way, from the importance of the work per- Oe pe 
Soe formed. On the contrary, his conclusion will be that more studies of this oe 


a, 


peas! 5 oe The papers of this his Symposium are discussed i in the order of their presenta- sy 

wa a tion. The studies on the Chicago subway described by Professor Terzaghi . 

and Mr. Peck undoubtedly have contributed greatly to the rationalization of 
current construction procedures and future designs in that region. 


addition, conclusions of general interest were reached. One such 
ap conclusion is: “No evidence has been found that the angle of shearing resistance ; ne 


Bod of the clay is appreciably i in excess of zero degrees at any point” (see heading, er 


tte “TI. Soil Investigations: Soil Testing”). In this connection, Professor Terzaghi 390 


| = “* * * he has found repeatedly * * * that slopes on soft, undisturbed ae Be 
es clays fail if the average shearing stress on the potential surface of sliding _ ad 
Prof., Civ. Eng., Princeton Univ., Princeton, 


Anat. Prof., Civ. Eng., Princeton Univ., Princeton, N. J. 
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strength of fairly undisturbed samples regardless of the depth of the 
a ss gverburden.* On the other hand, no one has ever published any field — 
data that would demonstrate adequately the existence of a pressure- 


he clay. deposits never is pressure conditioned and that the component of ol 
“i shearing resistance caused by the intensity of normal pressure is to be neglected — 
entirely in all cases. Such a concept appears to be quite unwarranted and 


concept appears d and 
Data published contemporaneously with the Symposium provide material 
for contrary conclusions. For example, L. F. Cooling and H. Q. Golder, of ae 
p _ the British Building Research Station, have investigated the failure of an earth saa 
during _construction® at Chingford, Essex, England. The dam was 
by a natural layer of undisturbed soft clay. In their it 


i if a load i is to a clay the shear strength 


increase as the sample consolidates under the applied load. * ' 
Evidence confirming these theories was obtained. The mean shear 
a ‘strength of the clay which had been under 26 feet of bank was 5.2 lbs. aa ga 

square inch, whilst under 11 feet of bank it was only 3.7 Ibs. 
inch. ~The mean moisture content under 26 feet of bank was 

0.0 per cent; under 11 feet of bank, it was 87.8 per cent. 


ne 


oa bees Ein of the slip, most of the bank ‘material had been in position only 
ag sy about 37 days, and the mean shear strength of the clay was 2.0 lbs. per a s 
oe he square inch. The later samples were taken after 8 months, and the mean ee a 


| 
shear strength under 26 feet of bank was 5.2 lbs. per square inch. That 
is an increase of 3.2 lbs. oer ‘square | inch under an | applied pressure 
Kenneth E. Fields and William L. Wells, Associate Members, Am. Soc. 
C. E., have described a similar case. A levee was built o over a soft clay layer 
in a manner calculated to produce failure. Pore” pressures were measured 
3 continuously in the clay. Laboratory tests on the clay were followed by an 
analysis of the induced failure after it occurred. The results indicate definitely 
considerable frictional resistance must have been. present if pore pressures 
were taken into account and that the only question is—what was the exact 
a relative value of this frictional resistance. 
Bx oe i _ At first glance, the results of the failure studies at Chingford and at Pendle- . Sie 
would appear to be in complete contradiction to the conclusions drawn 
from the Chicago observations by Professor Terzaghi.- A closer examination, 


however, v will show that they may place only certain limitations on some of 
generalized statements made by Professor Terzaghi (see heading, “II. 
Soil Investigations:, Soil Testing’) and that these limitations do not apply aes 


necessarily to to soil ‘and loading similar to the ones encountered 
ite 
™“The Analysis of the Failure of an Earth Dam during Construction,” by Leonard Frank Cooling 
and Hugh Quentin Golder, Journal, Institution of Civ. Engrs., London, November, 1942, pp. 51-53. 
4 “Pendleton Failure,” by Kenneth E. and Wi Le Proceedings, Am. Soc. Cc. 
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@  +he toregong generalizauons are not justified entirely. Because of such 
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ee decrease of water content with depth. | Similar | conditions were observed i in 
other localities, and this phenomenon has. been explained tentatively by 


Professor -~Terzaghi himself. It was attributed ‘to the peculiar structure of 


sce with depth (for instance, Figs. 21(c) and 22(c)) show that there is scarcely any = ‘s 


2 & 9 accompanied by a gradual transfer of stress from the adsorbed water films to - 


the solids. Apparently, no consolidation took place after a certain point, i 
since » the weight of the gradually deposited overburden increased at so slow a ‘ 4 
that the resultant increase of bond strength could keep pace with it. 
a a _ Assuming that the Chicago clay deposits have been formed in & manner ee 
corresponding to the foregoing hypothesis, the results of the Chicago er 
_ observations do not appear surprising. The excavation in open cuts probably — 
re was not accompanied by a disturbance of the adjoining clay sufficient both : 4 
produce | any further appreciable consolidation during the period of f measure- age 
ments a and to increase its shearing strength. _ The vertical pressures in the es 
clay mass remained unchanged at all times; and the lateral pressure decreased 


The Chingford and the Pendleton conditions were entirely different. 3 

Considerable additional vertical surcharge was applied to the clay at a rela- 

tively rapid rate. Consolidation naturally resulted and was accompanied by 

an increase of shearing strength. follows, therefore, that the shearing 

strength of soft clays can be pressure conditioned if an additional ee a 

is applied rapidly. Therefore, the foregoing generalized statement (eee 


heading, “TT. Soil Investigations: Soil Testing’’) should be limited. accordingly. 4 


Me 


* 


¢ 


A second limitation of this generalized statement should be made, since “hers 
_ does not appear to apply to all types of soft clays. For instance, varved clays 
bx apparently can have appreciable frictional resistance, although varved clays 
belong to the category of soft clays. The writer had the opportunity to: 
me investigate a slide in a riverbank through a bed of soft varved clay. Making” ee 7 
oy allowance for all the uncertain factors in that investigation, it, nevertheless, : 
x could be stated very definitely that cohesive forces alone, as determined by cee 
the unconfined compressive strength tests, could not possibly have been 


= responsible both for the stability of the bank ‘during previous years and . S 


ee the stability of all other similarly located sections which had not failed. The 


4 _ ghearing strength necessary to provide such stability was from 50% to 100% at 
higher than the shearing strength due to cohesion. failure immediately 
followed the | driving « of a few piles in the vicinity. A tentative explanationis § P 

ree that the thin layers of silt-like rock flour in varved clays provided frictional 4: - 
resistance, but were at the same time largely responsible fe for its sudden decrease 


RY ol A third point that the writer would like to » emphasize is is related to the 
it Ee ‘assumption that Chicago clay had no frictional resistance at all. This appears 


a possible, | and even likely, but cannot be considered proved definitely. Some — 
es diagrams (for instance, Fig. 20(c)) indicate an increase of the water content 


*% “Undisturbed Clay Samples and Undisturbed by Karl Terzaghi, Journal, Soe. of 
Civ. Engrs., July, 1941, pp. 219-222, and 229. 


= 
q 
= 
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with depth, showing that the structure of the clay was not ions of the type 


= outlined i in the previous discussion. — _ Furthermore, the zer: zero value for the angle 


bn it some movement of the upper part of the sheet piling was observed prior to 
- SE the installation of the first row of struts, such a movement easily might have = a ¥ 
Fass chs reduced strongly the h horizontal pressure ‘component in the sand layer, so that ax 
ia i the shearing strength assigned to it may have been too high. — This, i in me 
i , _ would indicate that the actual shearing strength of the clay was higher than 

the one assumed, and that ‘some frictional resistance was present. So far 
future designs in Chicago are ‘concerned, this point is of little practical im- 


resistance of this sand not? appear to be entirely convincing. pA Since 


- pressures which can be used tor further designs in that region. . However, the > 
point emphasized by the writer should be | considered i in relation to designs in 
other localities where no such sand layers are present above the clay. Further | 
studies of this type a1 are extremely important in order to clarify the question — 
concerning the amount of frictional resistance which different types of clay 
results of Professor Housel’s observations on n the Detroit sewer tunnels 
to are of considerable interest, especially since the studies have been conducted a 
ins over a period of years. _ The results appear to indicate a change of pressure |S 
with» time, interpreted as signifying plastic deformations which gradually  . 
increased the pressures on 1 the tunnel lining. However, the diagrams of the 4, % 
paper show considerable scattering of the readings the Goldbeck cells. 
oi _ It would be interesting to learn, from the authors’ closing discussion, the __ 
manner in which the readings were made. Terzaghi* has expressed 
ae ome doubt as to the efficiency of the Goldbeck cells when measuring pressures 
* in clay, because the soil pressure registered is a reds of the rate of application “a , 
of the air pressure on the cell membrane. Furthermore, it appears conceivable, __ : 
eid not very likely, that the readings increased with time as a result of me 


a progressive stiffening and increased resistance of the clay to displacement by a 


at the time. The results are of considerable 
ee should be given due consideration. 8 However , it is to be om 


; papers on their outstanding contribution to enginetting knowledge in the ae 
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Pressure Measurements in Open Cuts, Subway,” by Ralph. B. 
Peck, and (D) ‘Earth Pressure on Tunnels,” by W. S. Housel, respectively, 


4 
(A) Nomenclature and Notations.—According to the “Foreword, ” the sym- 
bol @ stands for the angle of internal shearing hort of clay, ¢: being the a 
angle of shearing resistance in clay. The difference between these two terms is 
‘not clear. In Manual 22,** the term “angle of shearing resistance” does not ue ag 


J 


‘ me rat all. . It follows that this term was introduced sometime in 1941 or ae . 
1942, and it would be helpful to have it explained. Professor Terzaghi uses 
the term in question, whereas, in interpreting the symbol ¢, Professor Peck Some: & 
uses s expression “ “effective angle of internal friction of the clay’ in presenting be 
Ea 6. Moreover, when dealing with the symbol in Ea. 13, Professor Peck Se ae 
defines ‘it as the “‘angle of internal friction of the sand.” 
‘The writer has no intention of defending the term “dangle of internal fric- 
ce tion” as applied to plastic clays since he feels that, in this case, the term Re 7 
ee question is incorrect; but he also believes that there is no justification for the a 
arial new term “angle of shearing resistance” since the conception of of the term “angle,” — ; 
whieh is rather tangible in the case of cohesionless and cohesive sands and 


ak similar materials, has nothing to do with the shearing resistance of plastic clays 
? 


to Paper by Professor Tereaght.—In the ‘paper by Professor Terzaghi, 
ee formulas: that control stability of the lining are | given in Eqs. 1b and 2b, derived LA oe 


4 


the | left side represents the total bearing capacity of t the structure | and there i eis 


onl one membe r on the right side, are 


= 
> 


with equations of the type of Eq. mont 
2b, in which the right side Tepresents teat 
the sum of bearing capacities of twoor 
more ‘supporting agencies. In a general 
{ eye case, the bearing capacity of the entire 


structure may be less than the sum of 
the bearing capacities of the supporting | 

agencies represented at the Tight side 
of the equation. To make this state- 


“ment clear, assume rigid beam on two. was jo 


beam i is gradually loaded, the entire struc- Bearing 
ture possibly will fail when the load on . a 
far less than _ the value “10 + 100 Sum oF Tas 
Caraceries or Irs Surrorts 


110 units. - Both supports will fail: 
- simultaneously, however, if the increasing load is distributed between the — Lab 


se 4 __ Before using equations of the type of Eq. 2b, their validity must be proved — 


each | particular case, _ The lining of the Chicago subway was successful be- 


Menuat of B neering Practice No. 22, Am. Soo. C. E., 1941. 
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Be: ot bea stress on the surface of sliding becomes roughly equal to one half of the average ie q 
Ronconfined compressive strength of fairly undisturbed samples, regardless of 


i 


ae for withstanding th e clay pressure. oe The advantage otiered by thin- valle, 


- he permitted the application of the liner-plate method in many places where ~ 


= hee. also obvious: Deeper stations would increase ‘maintenance costs and the cost ir 


J 


in which R, =2 ¢, Hi and R.=Aq p. Loads Ry and R; are carried by the 


clay at the back of the tunnel and the footings, respectively. 


Clay Pressure on the Finished Tubes.—The difference between t thick-walled 
and thin-walled concrete tubes is discussed by Professor ‘Terzaghi under the 


heading, “Clay Pressure on Temporary and on Permanent Tunnel Support: 


Clay Pressure on the Finished and he makes statement “that Bs. 


tubes has been incall for many years i in the theory of pipe culverts. A de- 
7 flected flexible pipe approaches the pressure line corresponding to the gradually 
lateral pressure®® just as shown in Fig. 4. 
. Soil Testing —The statement made by Professor Terzaghi under the head- q 
ing, “Soil Investigations: Soil Testing,” really deserves the attention of the aes 
ote profession, especially of those engineers who are working on foundations and st 
earth structures. Slopes ¢ on soft, undisturbed clays fail if the a average shearing — 


the depth of the overburden. Commendably, Professor Terzaghi has applied 
oe a this statement to tunnels and cuts. The procedure used in Chicago for de- 4 

=. ah termining the shearing resistance is simple and efficient, and can be duplicated ; 
= at any project of importance without great effort and expense. 


Ls _ It should be noticed, however, that the statement advanced by Professor 


follows directly from applying Mohr’s circle to the nonconfined 
pression test, for the case where the “angle of internal friction,” The 4 


q 


jon that the value of the “angle of internal friction’’ in plastic pine 4 


8  Danger-Spot Method.—It follows from. Figs. 8 and 9 that at a depth of . = 
55 ft below the surface there is considerably stronger clay than at the 


lowering the entire line has heen studied in some detail. Such a lowering would A a 


actually the shield method was used. The disadvantages of this lowering are a 


a some pipe installations; -and the entrances to the tunnel perhaps would be a 
=f ae writer still believes that the proper way to use Eq. 3 is to replace the es 
a? values of 2 qr Hi, and A gp by and Rz, from Eq. 38. ae 
_ Experimental Section on Contract 6.—This i is interesting work, , indeed, = 


and Professor Terzaghi is to be commended for having - done it so carefully. - = 


e. It is regrettable, however, that, since the abundant research material presented seh » 


dows not include pressures on the arch and data referring to the bending or 


: “Design of Pipe Culverts,” by D. P. Krynine, Proceedings, Highway Research Board, 20th Annual oie 35 
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 RRYNINE 
ae buckling of vertical legs, a complete picture of the “deflected structure” cannot 
be established. _ Two circumstances, however, can be detected from Figs. ms 
14: (1) All ‘ore positions of the “deflected structure’’ practically intersect 
ty two points, so that the arch in Fig. 12 may be considered as having t 
hinges; and (2) the footings of the | “deflected structure” were not horizontal 


were not strictly vertical. In fact, _in the final position 9 9-4-41 (Fig. 14), 
a average reading of cells 17-19 was about 34% larger than that of cell 9; and as 
x the average reading of cells 16-18 was about 72% larger than the reading = See x 
~ cell 8. The northern footing of the experimental section was about one thd 


Settlement 


| 10888 


As 
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Settlement 
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ll 


with t 
+5 _ capacity of the clay was | slightly exceeded (2. 67 > 2.5 tons per sq ft). rytd 
te Professor Terzaghi states that, after a period of about 500 days, both — 
_ points NL and SL became practically stationary, there is still a little jump Dyes 
curve NL corresponding to about 535 days (Fig. 13). 
: ‘The writer sincerely hopes, however, that, by placing a scale on his qualita- 
- tive considerations referring to the experimental section, they will furnish 
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writer 


ee. 4 Precisely the same idea is followed in highway engineering when flexible pipes of > ee 

corrugated metal are placed under embankments instead of heavy concrete 4 : 
ay ir. _ Professor Terzaghi’s reasoning is quite correct for a single tube. In ie 


3 aes. case of thin double tubes, however, there may be a possibility of a rather 
4 i considerable downward movement between ‘te tubes (as explained subse- 

quently under the heading, “Street Settlement”) accompanied by the mutual 
leaning of the arches of the tubes toward each other. ‘This may result 
= Pelee corey cracks at the outside wall of each tube tending to separate the 


“ Street Settlement.—The writer superposed curves I’ and Ir’ in Fig. 16. 


35-9 


‘The total settlement in all four cases shown in that figure is s close to the center ei 

es. of the tunnel with some eccentricity toward tube II (Fig. 52). Possibly, 

this means that, in all cases in question, the final vertical pressures on the earth — 3 

lose to the center line of the subway are larger than those under the tubes. 
ss The best way to —_ the difference in settlement between the twin tubes ‘ 


line of the ‘tunnel, ‘are approximately ‘the s same in both cases. character 


of the bodies on which these practically equal stresses act is s approximately f 
the same \ when tube Lis mined but not the same when | tube II is mined. i In a 
Bp mass reinforced by the twin tubes | strongly resists the action of the 
compression stress, whereas, in the case of double tubes, there is simple packing pl 
es of the remolded “ere into the space between the tubes, and hence > there is is s 


‘ (C) Paper by Professor Peck. —The “Foreword” states that Parts II to VI =. 


a Professor Peck’s paper are | based on memoranda prepared by Professor — De 


aware of the author’s initiative, preparedness, ‘and 


which in the final analysis resulted in submitting to the profession a consider- 
able amount of useful information. In the writer’ 8 opinion, however, some of 
Strut Loads in Open Cut, Contract S-3.—In the “Synopsis” Professor Peck 
that the distribution of the lateral pressure in open cuts was nonhydro- 
first glance, the table, Fig. 19(e), seems to offer proof of this state- 
ment. However, if a question is asked—when and why is the lateral pressure — me i 
nonhydrostatic—the situation presents itself i in a different light. 
Assuming tha that, for relatively insignificant: depths, the value of the ‘ ‘coeffi- 
3 ie cient of pressure at rest” or “natural hydrostatic pressure ratio” K or Ko is za 
ra _ constant, the lateral pressure in a natural earth mass must be hydrostatic. 


"Hence it was hydrostatic at t the place where continuous sheet piling and 


2 
a shearing stresses developed i in the mass in the same way as when a nail a 


_ 

iia 
— 
m 

agrees wilh ofessor jerzach) that the desion shown ip the right side or fig 
— 
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shearing stresses developed i in the mass because the earth mass tended to move 
- toward the sheet piling which was being bent, and conservative nature opposed — 
this disturbance by providing new shearing is possible (but this 
remains to be proved) that all these systems of shearing stresses were self- ; 


In this | case hace. ‘Pressure on ‘the sheet piling equaled the 


_ November 20 in 


for instance, by Professor 8 in Detroit. The 

in Fig. 19(e), referring to November 27, prove it also, quite conclusively. It 
seems that at the lower levels (El. 23.5 and El. 31.5), the lateral pressure ie 
tended to return to the natural hydrostatic shape, whereas the recovery at the cate c 
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if f any, « , does this: 
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ferent Because of the action of the shearing stresses, the pres- 

et piling was not hydrostatic, but redistributed (see data of { 

— 

— 

— 

— 

a for ): How much time is n — 
complete re 1s nee 

covery of a cut from shearing stresses, if it recovers at 7 

phenomenon of recovers In what cases, 


were probably first derived by Résal (1910) as an extension of the Rankine a BS i 
theory. The writer has had the privilege of attending lectures by Résal, and A oh f 
he simply cannot admit that Résal did not know that Eq. 7 was published by : a l 

Captain | Frangais in 1820, at which time Rankine was about year old. 
writing Eq. 6 Peck knew that, for his clay, @=0. He shold 
have made this statement and should have introduced this value into Eq. 6. = Pa =e 
This would have simplified 7, 8, 9, 1la, 15, 16a, 166, 17, 


Obviously this i isa straight-line relationship betw een Ky and 2 and Fig. a1 


a. sistent in his computations since on ohe occasion (namely, in writing Eq. i) 


4 

becomes quite unnecessary. Incidentally, Professor Peck i is entirely 
=- he did precisely what the writer advises and placed = Oi in Eq. 6. 


theory may be applied only to earth masses in the state of ‘plastic equilibrium” 


throughout, which is practically an impossibility. In fact Professor 
states (see heading, “Part II.—Theory of Total Loads”) that “In actual 


perience, opportunity for lateral ‘expansion sufficient to develop a state of | 
plastic equilibrium throughout the soil mass is never realized.” To decide 
bes, te whether this opinion is correct, Rankine’s writings need to be examined atten- ‘— a 
a “Theorem II. At each point of the mass of earth, the ratio of the : eng 
difference of the greatest and least st pressures to their sum cannot exceed 


Rankine’s symbols. Pi = the greatest pressure ‘(maximum principal 


343 
stress); and p: = the least | (minimum principal stress). Rankine 
calls the angle ¢ “angle of repose.” The tangent of the angle of r repose, 
according to Rankine,* equals the coefficient of friction. In. other words, 
Rankine’s “angle of repose” is what is now called “angle of friction. 


The double sign in the Rankine fo formula (Eq. 40) clearly means that, 
_— aa according to Rankine, an earth mass may (sign =) or may not (sign <) beina bed 

Manual of ‘Appl’ Mechanics, by W. ‘J. M. Rankine, 15th London, 1898, pp. 218 and 214. 
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a minimum, which really” means that the mass i is in the state of plastic equi- 


pe librium. — This ‘statement is to be rejected; but theorem II is not affected by” 
; this rejection. ss Iti is ‘still valid and may be applied to any mass » in the state of EY 
General Wedge Theory for Earth ‘Pressures. —The wedge” that tends 
ch 3 separate from the backfill behind a wal wall or behind a brace is bounded | by = 
curved surface. This: was stated by Coulomb as early as 1773. ‘Considerable 
rithmic and so did Professor Terzaghi (1942). As is well known, ‘Swedish 
@ngineers simply assumed that the sliding surface i in the two-dimensional repre- 
sentation i is an arc of a circle. After a all, this i is what Professor Peck does, 
instead of proceeding directly, he first uses the logarithmic spiral, , places i 
in its equation, ¢ and thus indirectly arrives at an arc of a circle. “The writer : 
_ Distribution of Pressure.- —The writer heartily with Profesor Peck 
the that (see heading, “Part IV. —Distribution of Pressure’) ‘‘* * * it is useless 
to attempt to compute the Teal distribution of lateral pressure o over the sheet- o 
Rte ing. i In this case, as in the case of other | structures, all that should be done is * 


statistical 


a (D) Paper by Professor Housel. —To the writer's knowledge, European 
late literature contains no research data for the pressure on circular tunnels. . The 2 
$ first work | published (1937) along these lines was on the Lincoln Tunnel in 
New York. “ Professor Housel’s field work in Detroit began earlier, but the — 
results were published later. More or less simultaneous research work concern- : 
ing tunneling using the shield method has been done in Chicago.” 
he } paper by Professor Housel contains so many interesting and 
itures that, to discuss it, it would be necessary to write another paper. 
= The writer wishes only to emphasize some | items a of particular significance. rae 
Ni Duration of Observations.—Fig. 40 shows | some’ ‘observations that covered ; 
the period from December, 1930, to January, 1941—about eleven years. 
sae one has previously observed the pressure on a tunnel lining for that a a ‘oa 
ek period; and this | circumstance permitted Professor Housel to draw some im- 


we 


Variation of Pressure with Time.—Fig. 41 is an interesting diagram showing 


the recovery of an earth mass disturbed by the tunneling. . It seems that the 
lis 

4c, tends to return to its original : state of stress which is analogous to the 
2 healing capacity of a living organism. However, just as scars and spotsremain — 
a on the skin after ‘the healing of a wound, so there may be permanent or residual : 


- shearing | stresses in the mass as the result of the disturbance of its internal | 


5 Re #“Lincoln Tunnel: The Field Measurements and Study of Stresses in the Svaeat ined by G. M. | 
‘Rapp and A. H. Beker, Port of New York — J 1937 
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ne esis of S the —It follows fr the conditi tions 
% ae of equilibrium of a small cube within an earth mass that the weight of this cube Tayi 
aa ei is balanced by both the vertical pressure and the vertical shearing stress. Thus 
S¢ _ the vertical pressure at a point of a mass is ‘not the same as the | weight | of the ee 

«mass above that point. If the shearing stress is increased because of some dis- =! 
on “arching” #3 


wre 


ba 


of these stresses "Theit physical nature should | be 
gated and the laws controlling their increase and decrease formulated. No- 


¥ 


a a ‘, bese approached i in such detail as in Professor Housel’s paper, and he is to be bea 
Conclusion. —The cities of Chicago and are to be complimented for 
ces organizing soil investigations and research measurements during the tunnel — 
building i in those cities. is precisely what large cities and government 


should do when undertaking considerable 


+ 


— 


who produced a mass of useful information contained i in this Symposium. 


Bae and his colleagues at the Building Research Station to make detailed measure- Se 
peretn of earth pressures such as those described in the Symposium, but they of i. 
= occasion to investigate a a number of practical problems relating to soft clay ee a rd 
Ps" soils that involved a study of the shearing resistance of plastic clays. The — : “a 
< 4 ug results had a bearing on the conclusions outlined by Professor Terzaghi i in the af a 
: ie stability problems in soft clay soils the Building Research Station used Aa 
‘Wen simple method of testing in which the compression strength of samples was { ‘4 
measured i in the field by means of a portable apparatus. In n the analysis of the 
Be : problems the shear strength was taken as equal to half the compression strength | 
3 with @ = 0. The apparatus and technique have been described elsewhere.** 
il ee In the light of that prior experience, the applicability of this method to prac- a 
tical problems involving soft clays has been considered satisfactory, but, since 
it has not been backed by such substantial evidence as that afforded by the — a 
careful observations in Professor Peck’ 8 paper, the findings i in the Symposium fata 
Typical data on various problems may be briefly indicated as follows: 
(a) Table 4 shows: data obtained i in two problems relating to limiting slopes — i 


natural clays. first was a drainage cut in at soft alluvial clay i in Somer- 4 
get , England, which failed during construction. The second was a dredged © 


“Portable Apparatus for Compression Tests on Clay L. F. Cooling and H. Q. Golder, 
Engineering, Vol. 149, January, 1940, p.57. ups 
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COOLING ON PLASTIC “CLAY 
in an estuary in Northern Ireland where the soil was a soft silty clay. 
‘These results suggest that a shear strength equal to half the > compression — 
strength with = 0 gives the best agreement with fact. 
oh (b). When a structural load is applied quickly, in comparison with the time 
required for consolidation of a clay stratum, the clay again behaves as if it 
hadaconstantshearstrength with@¢=0. 
es _ An opportunity for checking this point was afforded by the investigation of 
a failure: which occurred ‘during the construction of a building in in 


Depth 


tign (9) 


300 | 300 to 320 94 | 24° 
| 50 | 250] 180 | 25 


wigs 


rage shear strength from analysis, = 0. Half-compression strength. ¢ Average 300 Ib 


had a natural water content of 60%, liquid limit 0%, plastic limit t 27%, a 
an average compression | strength | of about 700 Ib per sq ft. The progress of leg 


‘and this was found to agree well with the theoretical value obtained by analyses 

on shear s strength equals 0. 0.5 compression § strength and = 0. 

tp Another example relates to the failure of an earth dam during construction.’ 

In this case the foundation layer beneath the bank was a highly colloidal clay i Fe 
about 3 ft thick. It had a natural water content of 90%, liquid limit 145%, ; 
plastic limit 36%, a and a « compression strength of about 580 Ib per sq ft. ae The tes 
failure occurred when the bank (slope 1 on 2.5) had reached a height of 26 = * 

At the time of the slip most of the bank material had been in position for only 

~ about thirty-seven days so that there e had been li little time for consolidation to Ee be we 
take place i in the foundation clay layer. An analysis of the bank, based on “ag oe 


shear strength equal to 0.5 strength and 0, ‘gave a factor of 


ie © If the structural load acts for a sufficient time to allow consolidation 
| cae to take place then the strength of a soft clay, of course, does increase. vt ccuant 
: oa Information | on this point was obtained in the investigation of the dam 


- cited, - when the | foundation clay layer \ was examined after stripping the bank nt 
& rebuilding some eight months after the failure. _ Whereas the original com- 


 47"The Investigation of the Bearing Capaci a Soft Clay Soil,”” by A. W. Journal, 
bat. 


Institution of Civ. Engre., Vol. 18, June, 1942, p. 


Ba “The Anal: of the Failure of an Earth Dam pera Construction,” by L. F. Guites and H. 
‘Golder, Journal, Institution of Civ. _Engrs., Vol. 19, 1942, p. 38. ‘ 
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a water of 80% %; and, at points which had been under 11 
a bank, the corresponding values were 1,060 lb per sq ft with a water content of 


.. <= 88%. Comparison between the observed increase in strength and the 


_ theoretical increase due to consolidation showed reasonable agreement in view _ 
the variation in the conditions obtaining at the site. 


© Disturbed | Samples 


62 if Water Content Shear Strength (Half Compression Strength) 


~ 


in Lb per Sq Ft 


= (d) As a matter of general interest it may be worth while to refer to a i. 


y a. striking property of deep n natural deposits of soft clay as pointed out by aaa & 
fessor Terzaghi*—namely, that the moisture content does not decrease with 


depth of overburden to the extent that would be expected from the results of g 


laboratory tests. The Building Research Station has | explored a number of 


at 3 such deposits, and “typical data from one example : are » given in Fig. 54 and 


Table 5. These show the results of tests on samples from various depths in a ee ye 


boring in a soft alluvial clay deposit near r Portsmouth, England. Although the is 
conditions at the site were complicated a little the fact that the had 
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for about ten years, by sled 10 ft of fill, the results val considered 
es to be of interest. It will be noted from Fig. 54(a) that the slight variations — ate 
8+ 0.04. The full 
‘ee fA lines on Fig. 54(a) show limite for the theoretical vutiation in water content _ 
Rede with depth calculated from consolidation test results, one assuming that the — 1 
eta weight of the fill is fully effective and the other neglecting the weight of the os 
ay fill. The probable | curve will lie between these two, but the actual water con- _ 
eat tent is significantly higher than the theoretical values. Fig. 54(b) shows the ne 
variation with depth of the ‘shear strength | (that is, half-compression 


strength) determined by nonconfined compression tests. Reference to Table 
bee 5 shows that these values are very much lower than those calculated on the — 
aa - basis of the results of equilibrium shear tests on samples, even when the weight 


the fill is neglected. The effect of remolding on the compression strength 


aye 


iz Finally, the writer would like to emphasize the cautionary note in the — 

last paragraph of Professor Peck’s paper regarding the applicability of his re 
sults to overconsolidated and stiff-fissured clays. The Building Research Sta- 
- tion investigated a number of failures of retaining walls backed by London — 
clay (a clay of the stiff-fissured type), and these showed the special nature of : ss 


the problems involved. For instance, in two examples relating to walls 
2 40 ft deep, theoretical analyses indicated that the average ‘compression strength — 
imam required for stability (factor of safety = 1) was about 1 700 lb per sq ft. ni 


both cases tha 


‘TABLE 5.—Tzsts on Deze NaruraL Derosirs a nie 


4 
6 
a 
fi. 


 OvERBURDEN 
Pressure (Tons 


Without 
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Depth (ft) 


Drop on remolding _ 


sion strength (lb 
(%) 


per sq ft) 


Water content 


One-half compres-_ 


a 


Plastic limit 


Sample 


uired value. However, examination on the site revealed the presence in ‘the 


= of softened-fissure planes, of very local extent, in which the compression a Fs 


é strength was as low as | 500 lb per sq ft, and it was evident that the stability « of = 


the backing and the pressure on the wall ' were controlled largely by these planes SO 
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Burke in behalf of the of the derived from the soil 
and “field observations on the Chicago subway deserves the attention of all 
engineers who will have to direct similar construction operations in the future. 
_ In his discussion Mr. Burke expresses the opinion that the fluid theory for the sc 
: design of tunnel tubes is irrational and, in ‘most | instances, will lead to. un- ps 
x eS economical design. The writer agrees thoroughly with this statement, and he [Pog 
a hopes t that the factual data contained in his paper will lead to a thorough re- ee og 
vision of the conventional methods of design. 
Mr. Shafer states that Professor Housel’s paper revealed two distinct phases 
‘in the development of the pressure on the tunnel—the initial phase and the final 


In the paper on n the Chisago: sohirar, the transition from the initial to = 


- ee lining of the woke the shearing resistance of the clay is fully active. 


This: condition makes it possible to estimate the pressure on the temporary 
ee Sb. lining if the average shearing resistance of the. clay along vertical sections is 
Previous experience indicates that.a shear failure in an undisturbed, 
soft clay i is Tesisted by the cohesion of me The observations 


Mr. mentions only the second method. results furnished by 
» . two methods are very different for ‘the s same clay; ‘yet no rational basis for 
choosing between the methods was ‘available until Mr. Cummings published 


the results | of pertinent experimental | investigations i in one oft the saci of 
i He has shown that the unconfined compression test informs the ae 
Pri menter as to the failure stress, whereas the ‘Ting shear test discloses the yield 
stress. The earth pressure on temporary supports i in cuts and tunnels a and 


This has been demonstrated by field observations by different: 
investigators for very different clays. _ The following instances may be men- “3 
oy _ tioned: ; Open cuts in in the Chicago clay which seems to be part 0 of a ground ny aa 
- moraine (see Professor Peck’s paper), a slide in a a glacial clay of lacustrine origin * 
in Southern Germany (observations by the writer), shear failure in a flood __ a 
plain clay north of London, England (Mr. -Cooling’s discussion), and shear 
failure in a soft marine clay it in Scotland, due to overloading a footing, as a a. 


aol In order to derive the failure stress from the results of an unconfined come 


ts 


be 
pak 
— the fins asurements on t 
| 
— 
— 
— 
or the geological origin of the clay. 


by an empirical value called the ommend ratio, which may range between one aie 
x and five. This ratio is very different for different clays and can be determined 
: only by an additional experimental investigation, unless it is known already 
eat from tests with the same clay. Furthermore, in contrast to the failure stress — oe 
the yield stress | depends « on the deformation characteristics of the clay, ai 
experience has shown that the elastic ‘properties even of undisturbed 
eres Og in the laboratory may be entirely different from those of the same clay in the 
field. Finally, it has been found by experiment t that the failure stress is prac- 
5 ee tically independent. of the rate of load application, whereas it is known that the 
Sf relations between stress and strain for clays depend to a large extent on nad . 


of the two is preferable f from. practical point of view. 
agreement between the time required to reach final equilibrium in 
-Dean Marston’s experiments and in those on the Detroit tunnels seems to be 
in? purely 8 accidental, because this time depends on three independent variables— “a 
= ak the nature of the soil, the size of the tunnel, and the method of tunneling. bir 


ae eee Chamberlain assumes that the crust of hard, yellow clay has been 


q 


broken over the full length of the tunnel tubes during the installation of public a a 


ae utilities and other structures. % This | opinion does not.seem to. be justified be- | 
cause public utility facilities were installed either in open trenches whose 


below the crust. ‘The punctures due to the construction of shafts 


are few and far apart. T WE oc: the writer believes that the presence of the - 


stiff crust t reduced the settlement quite considerably wherever it survived the 
tunneling, operations without injury. urthermore, if the crust had not been 
essentially intact, the heave of the street surface, due to shoving the shield on ite 
contracts of the Chicago: River, w “ey far in excess of the 
of the liner-plate method. Colonel Chamberlain was inti- 
mately associated with the development of this method from the very start, his ts 
review of the history of the method i is of great intéresti 
bE fr At the end of his discussion Colonel Chamberlain | expresses his 1 reluctance | 
= to depart radically from the present method of designing tunnel tubes . Fortu- ; 
. nately there i isa wide margin between : a radical departure from these methods ne 
and no change ai at all, ‘At the time when the plans were prepared, the stress 
conditions in clay surrounding the tunnel tubes were unknown. ~ Under such 
conditions, sound engineering requires s design on the basis oF bitrary, “but 
sufficiently conservative, assumptions. However, as- experience ineresses, 
sound engineering further’ requires a ‘modification of design assu 
accordance with findings. The design of the Chicago | subway 
; ee the assumption that the ratio between the horizontal and the vertical pressure 
ay in the clay may range between the extreme limits of 1 : 3 and 2: 3. ~ Observa- 


tions on the finished tunnel tubes and i in the section ding 
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— observations also disclosed the important fact that an insignificant de- 
ieee formation of the tunnel tubes suffices to reduce the bending moments in tae a 


walls of the tubes to a small fraction of the values they would have in the walls 
%: —— of a perfectly rigid tube. On account of these findings, the next steps should — ee 
Beis Be” be (1) to make the tubes. more flexible by reducing the thickness of the walls, a ae R25 
(2) to design the tubes on the assumption that the pressure ratio may | range 
between unity and 2 : 3, and (3) to increase very substantially the allowable q 
stresses in the steel and in the -conerete because the observations leave no 
. doubt that the real bending moments in the walls of the tubes will be much 4 i cs 
this connection, a recent development in the design of the tunnel tubes 
for the ‘London subway 1 may be of interest. The City of London restsonabed _ oe ee 
of stiff, overconsolidated clay whose thickness increases from zero at the West 
= India Docks on the east to 300 ft beneath Hampstead Heath on the west. = 
of the tunnel tubes are in clay. The plastic limit of the clay ‘ranges 
Ss age between | 22% and 24%, the natural water content between 24% and 28%, a 


é and the liquid limit between 60% and 80%. Geological evidence suggests a 


Bee: ee preconsolidation load of of 20 tons to 30 tons due to the weight of ‘sedimentary a 
strata which were subsequently 1 removed by erosion." On account of the 
a 


~ intense preconsolidation; the London clay is very much stiffer than the Chicago — 
clay. - However, the strength of the clay i is impaired by hair cracks and silt 7 
a 
partings, and the initial stresses in the clay caused by overconsolidation | give 
rise to some trouble in the tunnel due to swelling, | 
AML the tunnels in the London clay have been constructed d by means of the = * 


‘method. The advance of the shield is followed immediately by the 


jn 


alae changed during the 70 years since, in 1873, Greathead constructed the Tower a 
subway i in London. Since a cast-iron lining is very rigid, a slight, unbalanced 
we suffices to break the segments. On various occasions, such ruptures 


3 


= In 1937, after most of the contracts for ‘the construction of a new section of 
ne ar. the subway were let, the increasing shortage of raw material for the c cast-iron Be 


lining induced one of the firms to propose the installation of a permanent sles Be 


ee 


Since the ‘design of all existing tunnels is based on more or less arbitrary — 


tunnel lining which was to be constructed entirely from pre-cast reinforced 
conerete segments. The walls. of the finished tunnel tube consist of a 
_ reinforced concrete skin, stiffened by circumferential and longitudinal ribs with | we 
* height of about 3i Henee, along the ribs the total thickness of the perma- 
‘a nent lining is about 5 in. and between the ribs it is 2 in. Each ring is 20 i i we 
wide and consists of six The design was by the London 
Passenger Transport Board and 2. 75 miles of tunnel have been equipped with 
the new type of Haine, which constitutes a radical departure: from 


assumptions, the thickness of the walls of the tunnels is determined not by the — 


. Aa “A Laboratory Study of London Clay,” by L. F. Cooling and A. W. Skempton, Journal, Institution 
Engrs. (London), January, 1942, pp. 251-275. 


a “Tunnel Linings, with Special Reference to a New Form of Reinforced Concrete Lining,” by G. L. 
. Groves, Paper No. 5804, Journal, Institution ad Civ. Engrs. (London), Vol. 20, No. 5, March, 1943, PP. 
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magnitude and distribution of the 


, 


heavily reinforced than th those of tubes in n both so! softer and nd ier clays, con- 


“concessions can be made to economy without trespassing on the 
boundaries of the realm covered by experience. 


he, Intl this connection it should be mentioned that the gradual deformation of pi 3 


. Me the tunnel tube is associated with a consolidation of the clay along those sides 

__. of the tube which tend to move out. — When a clay consolidates, both the ilo 

stress a and the yield value imerease very considerably. Hence, neither the 

failure stress nor - the yield value for the clay in its” original state have any 
on the conditions for the stability of the finished tube. 


They yielded markedly o on each contract except on those | parts 
toe a of contract D- -3 where they rested on hardpan. _Mr. Eremin also claims that 
Ae the soil prism shown in Fig. BIO} does not represent the characteristic form, 
ei : KS. if the tunnel has a semicircular cross section. In such a tunnel, the height 0 
SET the vertical walls is zero. Hence the footings do not need to carry anything 
beyond the difference between and | Si in n Fig. other words, if 


Mr. Cummings’ discussion will be a source of great rel 
who were mystified by he ‘simultaneous existence of two experimental 
methods which, _ for the same property of the same clay, yielded two entirely _ 
different values, Considering the vital bearing of the cohesion value on earth 
pressure and the e stability of slopes, it is hoped » that his data will be. supple- 
a mented before long by similar data on n clays of different geological origin. 
|Z Professor Burmister presents a review of the facts revealed by the = oa eh 
a tions recorded i in the Symposium and adds a series of questions concerning the ‘ 
uk physical properties s of the Chicago clays, b A study” of the statistical relation 
is * between the natural water content w of the Chicago clays and the unconfined 
: _ compressive strength gu was made by Professor Peck. This ‘relation | can be, 


and has been, used to the on the basis of the results of water- 


4 
. 
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F 
about fifty compression tests on different samples from the same stratum, he 
to estimate fairly closely the g,-value for other samples from 


= ‘stratum. The average deviation of the estimated f from t the is con-— 
siderably smaller than the average  seattering of the points about the statistical 
— qu)-curve. Therefore the writer feels that direct deserve 


preference over estimates based on statistical relations. 
Professor Peck has made a similar study for a a glacial in Cleveland, 
Ohio. _ The Cleveland clay is overconsolidated, whereas the Chicago clay is oe 
normally consolidated. Otherwise, the clays were very similar. ‘Analysis of 
= ois, _ the test results has shown that the average qu-value for the Cleveland clay is 
ia +] roughly equal to 3.6 times the qu-value for a Chicago. clay with the same natural = 
For undisturbed samples of the soft Chicago clays, the strain correaponding 
the maximum stress was roughly equal to 8%. From observations on the 
ae job, it seemed fairly evident that the strength of the same clays i in a natural a 


Sa state began to decrease as soon as the strain exceeded about 1%. — _ Hence it ae 


seemed futile to attempt any correlation between the results of 


observations in the laboratory and those in the field. 
See ‘Professor Tschebotarioff quotes the writer’s statement (see heading “TI. Soil 
Investigations: Soil Testing”) no one has ever published any field 
that would demonstrate adequately the e existence of a _pressure-conditioned — 
bas. shearing resistance in soft clay deposits 
can cause misunderstandings. “Lifted from its context, the statement 
really can be misleading. Therefore the writer wishes that it 
eet applies only to the initial shearing resistance of undisturbed, soft clays whose Ley, a 
natural water content is practically independent of depth. As soon as ‘he 
clay starts to consolidate (for instance, , under the influence of an artificial load), 
iti longet undi turbed, and its shearing resistance increases with decreasin 
is no lo get undis g g 
water content approximately in the same manner as it does in the laboratory, 
tarioff mentions the earth dam of Chingford, north of London, the 
Pendleton Levee in Mississippi, and some observations of his own. 
To the writer the word Chingford had a familiar 1 ring, because as 
consultant to the contractors during the reconstruction of this dam. The two © 4 
other examples are not quite to the point because they refer to shear failures in nel a 
day strata whieh | contain horizontal sand or silt partings. Ifa clay stratum 
contains such partings, a a great part. of the surface of sliding is , within ‘such a am y 
_ and the average resistance against failure depends to a large extent on 
intensity and distribution of the excess hydrostatic pressure over the 


_partings. In this connection the reader is referred to the writer’s current dis- ae 
of the Pendleton Levee 


4 


‘When investigating a slide j in a riverbank, Professor Tschebotariof evalu- 

the shearing resistance of the  varved clay by means of unconfined com 
pression tests. In the writer’s opinion, this method is rather unsuitable 


>a In his discussion of the interpretation of the open- -cut date, 


* Tschebotarioff states that the assumptions | the shearing resistance 


ve 
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‘TERZAGHI on 
the sand layer at are not entirely ¢ convincing. The paper on the ‘cuts was 
written by Professor Peck, but the assumptions were made by the writer. In 
1929 the writer made a large-scale experimental study of the influence of the - 
i. yield of a lateral support on the earth pressure of sand, and since that time he 
had various opportunities to make observations in open cuts in sand. 
‘= the strength of these varied experiences, he feels that the error associated with 
his estimate is not important enough to be of any practical consequence. ee 
_ Professor Krynine’s statement that the combined bearing capacity of fou 
wap can be very much smaller than the sum of the bearing capacity of eac 
: *) them is perfectly correct and much to the point. Asa matter of fact, it i 
oe to imagine a considerable variety of conditions which would invalidate | 3 
_ Eqs. 1 and 2. In Chicago, observations in the tunnels indicated that the _ 


should be investigated in each pertioular case also is ° 
_ Professor Krynine’ 8 allusion to flexible culverts i is very. 


with flexible culverts indicating the beneficial effects m tearoom are directl 


, The last paragraph of Professor Krynine’s comments should be supple 
- mented by the statement that the purely empirical rule ¢ = 0 loses its bo . 


as soon as the clay begins to consolidate. eels 16" 
aes - The layout of the tunnel tubes was completed long before the writer learned aan 
that the City of Chicago intended to build a subway. — ‘The rrgsa rect fo 
Eq. 3 is identical with that for Eq. 2b. at 


The included a great number: of strain-gage observations = 


of the computation of the based on the and the 
4 measured also showed that the forces were far too small to 


: a. i ‘lining caused by the construction of a second tube are far more important than 
ag be those that would occur during and after the construction of a single tube in the ¥ 
~ same clay. However, a few weeks after the second tube was installed, the 
a deformations o of the first tube, caused by the construction of the second one, — 
as ceased toincrease. Therefore, the detrimental effects produced by constructing ; 
2 ° the second tube can be avoided by postponing the installation of the permanent 
The relation between settlement and pressure distribution is not q quite 
simple as Professor Krynine suggests, because the intricate time effects make it 
practically impossible to establish a direct relation between these two types of _ 


Welt Tests,” Terzaghi, Engineering News-Record, Vol. 112, 1934, pp. 
408- and 503-508. “ta eer’ 
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term ‘ is a trifle too strong. “The disturbance of the block of 
between two tunnels certainly did not exceed d the disturbance of the best 
ae a The abnormal position n of the dotted curve marked 7- -18-40 in Fig. 14 with hae tian 
ere to the others gave rise to some queries which call for an answer. On a & a 


When the measurements ; represented by the curve 4-1-40 were made, the air 


pressure was not yet completely restored. Between April 1 and July 18 the a ‘a 


a ‘i Ae March 26 the air pressure in in the tunnel dropped temporarily t to 8 lb per sq in 2) rs: 


=f 


data in Table 4 confirm the writer’s experience that the shearing re- 
sistance of a soft, undisturbed clay in the field, prior to consolidation, is 


pressure on the base of the invert decreased while the tunnel was filled 
compressed air at the normal operating pressure of about 11.5 Ib per sq in. ‘and 
the values given by the ordinates of the dotted curve. The first 
4 -Teadings after the removal of the air pressure are represented by the cur curve 


= roughly equal to one half of the ur unconfined compressive stre strength of slightly 

Mr. Cooling’s data in Table 5 could be added the description of a very 

post glacial marine clay by B. K. Hough, Jr.,® Assoc. M. Am. Soe. C. E. = 
Between a depth of 15 ft and 50 ft below the surface the natural water content 
= cca this clay was practically independent of depth and well above the liquid | ay 
a Nes limit. However, the fact that the water content of the clay is independent of __ fis Pe 
depth does not necessarily imply that the shearing strength is also o independent 
depth. In one locality, it was found that, due to the submerged weight of 
the overburden, the shearing strength of a soft clay increased with depth ty or 
am amounts equal to about 0.07 times the effective unit pressure. In other clays 
RO increase has been noticed and the reason is still unknown. In this con- 
ee, nection the following observation may be mentioned. The soft, glacial clays — 
of Chicago differ fi from those i in n Cleveland merely by | their load 


: . ~ temporary surcharge of at least 3 tons per sq ft. The ideatity of the liquidity 
. - indexes of the two clays demonstrates that the overburden had practically 7 
influence eon the natural water content; the unconfined compressive 


7 


| 


surfaces wheress most of the Chicago samples fail 3 
- At the end of his discussion Mr. Cooling gives an example. of the effect of Say: = 
on the average strength of stiff clays. Considering 


7 


“ 
te] The shearing resistance of intact samples ranged between 5 and 22 tons a : 


sq ft; yet the average shearing resistance of the clay along the surfaces of ie 


200 
Tes 
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sliding j in the field narrow | limits of 0.22 nd 0.32 tons per 
ft. An 1 analysis of the Sevenoaks slide on on the Southern Railway ‘south of 
Bhi London, England, showed that the average shearing resistance along the 
_ surface of sliding was between 0.24 and 0.30 tons per sq ft, which i is that of a 
ae soft clay; yet the cut was located in a material which, in an undisturbed state, 
me resembled a soft shale. At the walls of test pits it could be seen that the 
es er sliding mass consisted of stiff chunks embedded in softer material. Within a 


sample of less than 1 cu ft the unconfined compressive strength of the clay ee 

ca ranged between 0.24 and 1.7 tons per sq ft, corresponding to a range of the | 
failure stress between 0.12 and 0.85 tons per sq ft. The position of the surface 
os f sliding indicated that the average shearing resistance of the material in- 


creased rapidly with increasing depth beneath the slope. 
In conclusion, the writer wishes to express his gratitude to the 
who gave him an opportunity for a stimulating exchange of opinions | and i: 
; especially to Mr. Cummings who added ‘a set of data of lasting value to the mo 
B. Peck,” Jun. Am. . Soc. E—The several discussions 
tributed “materially to the value of this Symposium. Mr. Burke has stated 
_ that the use of the equivalent fluid method for the calculation of the lateral . 
prema exerted by a cohesive soil has little to recommend it. The writer 
agrees 1 3 with this opinion. — ‘Iti is apparent fr from Fig. 35(a) that the concept of a 
a fluid leads to an erroneous conception of the distribution of the pressure. — 


Barros Eq. 18 indicates that, for a given soil, the density of the ‘ “equiva-— 


18. In this chart, is the density, in pounds per cubic foot, of the equiva- 
fluid which exerts the same total lateral pressure as the real soil, For 
Bn yy if the gow me sand layer i is 0.2 H in thickness and the value of q’. is 


cuts and to lack of safety for deep cuts. gained 


Any advances in the latter direction were considered desirable, but ne a 
_ The writer believes that no single test or observation was made w which did not 
have an immediate practical purpose. 
et Mr. Cummings has made an outstanding contribution to the Symposium ~ 
with his ‘discussion of shear values obtained from the compressive strength 


a time to time, the results of field measurements, which have been pee eg 
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way existed for very practical reasons—to increase safety, reduce a 
= 3 and to save money in design and construction. It was not set up zm Oe “4 aa 
= nurnose of determining fundamental in ation ahoi the nature of claves 
| 
lished. Mr. Cummings’ discussion makes it possible, 
Prt of Uni. of Minos Urbana 


evaluate the field measurements on a common basis. ‘Mr. prefers” 
use of the compression test in connection with tunnel and open-cut problems 
a reason which ha has seemed logical to the writer. Since the soil near 

; structures is in the plastic, or failure, state, the laboratory test results should be 


— 

Professor Burmister suggests that the properties of the Chicago and Detroit. 
clays should be given in more detail. For Chicago clays, the statistical relation 
between water content and unconfined compressive strength is shown in Fig. 56. 3 
The other relations which he suggests have been published elsewhere.” Pro-— 

n con = 
strength and corresponding strains versus the measured pressures and yield in 


4 rae the bracing systems in open cuts. The relation between shearing strength - ae 


= fessor Burmister also requests information concerning the maximum shearing 


Pon, and measured pressures is given by Fig. 34(e). No ) specific information can be eS 
given ‘regarding the yield in the bracing systems in relation to the strength of 
ras the clay, other than that following Eq. 26, because the amount of yield depends ea 


ae “e largely on the depth and spacing of the struts, and the time and excavation ih: 
Professor Tschebotarioff is chiefly concerned with the evidence for con- 
= 3 sidering the angle of internal friction of soft clays to be negligible. In a 


- - 
ee ticular, he states that, for tl the Chicago clays, the existence of no frictional | SS 
‘resistance is an assumption rather than a proved fact. His statement is based : 


4 a on the belief that the shearing resistance of the sand which overlies the clay was a. 
a mee assigned too high a @ value and that the real shearing resistance of the clay was 3 
consequently underestimated. He cites the fact that movement of the sheet, 


— 

pee 
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row of struts and that ace strongly the horizontal 


omponent of pr pressure in the sand and the | strength 
n other words, he considers it likely that the value of K, in Eq. Saat” 


value (usually 1.0) assigned to it by the walter. 


5 ; 
of fact, the value of Ke = 1 was no assigned quantity. 


E be selina and it is justified by a number of separate considerations. bon 

= A _ Professor Tschebotarioff is correct in his general statement that if a inhale. 
value of J K, is used, it will be necessary to to assign a frictional resistance to 

clay layers to account for the measured strut loads. _ However, there are certain 


"specific conditions which K, must satisfy if any such adjustment is attempted. sae 


the angle of internal of the sand is 30° (the lowest 
value 

Obvious, it cannot be negative, 
e active 
value i in first after the struts in the upper 
part of a cut have been placed, and excavation continues, the part of ‘the 


_ Therefore, a as a cut becomes deeper, after the sand layer has been . passed, the 

of K, should increase somewhat. It should certainly : not continue 

decrease as the depth of the cut increases. 


“TT 

— 
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satisfy these conditions unless the angle of internal friction of the clay 


relation K, and ¢ is given by Eq. 18. For convenience, the 


1 


= a The last four lines i in Table 3 contain 1 the data for Station 58 + 21 in cut S14, alc 


w 


= 


avation, 


of Exc 


Total Depth 
2 

a. 


json 


Apt 


a Assume that the clay = 15°, and as suggested by Pro- 


wax. 
“5h 


fessor ‘Tschebotarioff, to ascertain the corresponding value of K, to satisfy the “4 
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in n order assign to the daly a value ¢= 15°, one must assume eK, to 
be negative. This is an absurdity. | Proceeding with the other depths of cut 
aa repeating the calculations for other assumed values of ¢, the values of K, 

- Plotted i in Fig. 57 ¢ are obtained. There is considerable scattering of the points, , 
as would be expected, but the trends are unmistakable. % The following con- __ 


pia 1,1 For the assumption that ¢ = 15°, three « of the four values of K are 
impossible. Furthermore, the trend is toward a marked decrease of K, with 
ae depth, whereas an increase should be expected. ate adds hie. 
For the assumption that 10°, two of the values: are | less than 0. 
are ‘The trend with depth i is obscured by the s scattering. ; 
3. For¢ = ° and = 0°, the values of K, are possible, and the trend 
a Sight, ingrease with depth of cut. _ These values, therefore, are 


Teasonable, Furthermore, a , good average value. of K, for either o= 


aE Hence, the adjustment proposed by Professor “‘Tschebotarioff leads to 
‘absurdities unless ¢ is less than about: ee This statement is not arbitrary. 
aM ‘It is inevitable if one studies the data recorded in the paper. Many simila 
 shadies on other ¢ cuts led to similar conclusions. The data for the other cuts 

different. excavation stages can be found in Figs. 1 19 to 

Professor Tschebotarioff has suggested that, if no sand existed over the 


there would be no question regarding the shearing resistance of the sand. The 


elt of depth of sand to depth of cut for the cuts represented in Table 3 varies 


from 20% to 60%. % If the influence of the sand layer is evaluated erroneously, fe. 
one would expect to find evidence of that fact within this large range; yet the ae 


+ deviation from the line of best fit of the points in Fig. 34(e) bears no relation to | 


It is generally accepted that, if the lateral support of a sand mass can move — 
; 4 laieeiiie about 0. 1% © of the height of the mass, the value of K, will approach the 
ie active value. It seems reasonable that, once the sand is in the active state, ea 
e backward movement of 2.5 times that amount (see Fig. 25) should increase K, meee 
a to a point well above the value for earth pressure at rest (about 0.5 or 0. 6). ve 


alongside the cuts during the construction p period, add to the general 
oa: ‘In the first attempt to analyze the data, it was assumed that ¢ = ve 
The writer had no prejudice toward ¢ = 0°; he ' was forced to this value » by the 
ae j Professor Tschebotarioff’s belief that the value of ¢ was m made 2 zero by a 
suitable choice of K, is not tenable if the measurements are permitted to speak — 
for themselves. If all of the data are analyzed in a critical manner, it will be | 
# % found that the only set of values which is reasonably c consistent with the data — “ 


t 


all theo cuts, at all of excavation stages, is TT = (0°, K,= 


— 
| — 
— 
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— 
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— 
‘ probable, an sum total of his experience wi e Chicago subway cuts over 
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o =0 in the first place, because the mathematical e: expressions in the 
paper would have been simplified. To the writer, however, the value of a ae. 


quantity to be determined by assumption. Professor Kryning may have « con- 

sidered it most likely that ¢ = 0; Professor Tschebotarioff evidently considered 
a it probable that ¢ is greater than zero. This diversity of opinion was wide- ae 
4 el te spread, and it could not be resolved on the basis of theoretical considerations. eye 
¢ _ Therefore, the writer felt compelled to derive the theoretical « equations for the oho 
ear general case in which ¢ is not necessarily equal to zero and to make the decision af : 
on the basis of the field data. To lose this opportunity to determine on the 


asia of field measurements would be too great ap price to pay for mathematical __ 


In recent Wei several writers have attempted to clarify the’ 


between various earth-pressure theories by historical excursions ‘into the 
‘ee writings of early students of the problem. Professor Krynine’ s remarks con- Fas, 72 
cerning Rankine’s theory are a case in point. ‘The writer believes that 
“a approach is likely to be fruitless for two reasons: The discussion is purely 
academic, and the information confuses the present concepts. 

a the writer’s opinion, the earth-pressure theories which have had sufficient — 
ae merit to survive belong to one of two categories. — The theories in the fir first 
category assume that the entire soil mass (or at least that the r part of the soil es Be 
er, within the sliding wedge) is in a state of plastic equilibrium. Since, as a aE 
Krynine states, , Rankine investigated t the mathematical ‘conditions 


plastic equilibrium, is customary to associate Rankine’s name w vith at any a 


regarding t the state of stress within ‘the wedge—the entirely 


a z ae _ because Coulomb treated the earth-pressure problem in this m anner at an a § 


—Itis quite probable that neither Rankine nor Coulomb would recognize 
theories commonly associated with their names at the present time, and there is 
= ee little point in insisting on historical purity so that they could. Engineers ae 4 
ery - designate the useiul theories by s some commonly ; accepted names, and it seems a 
entirely appropriate to associate the names of two pioneer contributors 
_ the present theories which embody their chief contributions. 

Be aad The writer neglected to report a significant detail in the construction of the 


open cut on contract 8-3. Therefore, he is indebted to Professor Krynine 


Py a noting the large increase in the loads carried by the lower struts in this cut * 


within a period of only. one week, when the depth of excavation increased only 
. “or . Fig. 19(a) shows a cross section through the cut. A small freight tunnel Ss == 
is located below the bottom of the sheet piles on the right-hand side of the cut. es i 


4 On November 20, 1939, when the strut loads \ were first measured, the excavation 


had not uncovered the freight tunnel and the tunnel lining was intact. 


fly additional 2 ft of excavation, preceding the measurements of November 27, . a 
exposed the top of the tunnel. Since the tunnel lining was of unreinforced 
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; concrete, it possessed no flexural strength, and the unbalanced — 
— loading it cracked. Once the lining had broken, the space occupied | by the a a aay 
freight tunnel had the same effect as an additional excavation. Therefore the 
bic, presence of the broken freight tunnel effectively increased the depth of the oo 
es < Rather arbitrarily, the writer concluded that the effective depth of the cub S 
f fo extended to a point at about midheight of the freight tunnel, and | forthisreason 
sip the value H = 39 ft is recorded in Table 3, instead of the actual depth « of “e : 
eon excavation, 36 ft . Fora depth of 39 ft the center of pressure is at 0.42 H, which nf 
on is not different from the location of the center of pressure on November 20. 
if ny Le, Therefore, the increase in strut loads is believed to be the result of an increase in ee - 


the depth of the cut, rather than a of the shearing resistance of 
Be ‘The: routine measurement of strut loads on several open cuts extended over ‘ 
oe period of more than two ow weeks after excavation reached grade. _ Within this Bes 
period there was no significant change i in the strut a few 


cuts “were located in the ‘softest clays. Tt should be em phasized, however, 
Ce that the writer’s paper does not refer in any way to the loads acting on the eee 


permanent structures constructed in the open cuts. 


& Mr. Cooling’s remarks, together with the examples o! of the behavior of soft _ 
constitute a very worth-while addition to the Symposium, 


as In conelusion, the writer wishes to thank the discussers for their stimulating — 
comments. The experience on the Chicago subway demonstrated convincingly 
ee that the determination of strut loads and movements in a systematic manner ai 
ae, resulted in better and more economical construction. _ Therefore, the writer " 
Sates hopes that such determinations will become standard practice, In addition, 


‘the results cannot but odd to the store of ont thie 


to the of the Symposium. As a whole these 


discussions: ‘support and amplify the conclusions drawn by the authors, al- 
though: there are several important points which will be considered in. in more 
_ As one of the authors, Ris a 
the writer wishes to express his: appreciation for the interest shown and the Sess 

contributions made by the discussers. 

_ Inasmuch as the three papers deal with, somé anes of the subject whie 
closely interrelated, it seems ‘appropriate and necessary for the e authors 
three papers. to ‘comment upon related conclusions in their ‘closing discus- 
sions. There is ‘one conclusion drawn by Professor Terzaghi which the writer 
should be taken with ‘some reservation, and that is ‘the | statement 


Clay. ressure on Temporary and on Perm anent Tunnel 
Support on the Finished Tubes”’) that * * 


. 


a 
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____impression, based on close observation of the cuts, is that within this period 
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for withstanding ” This is reinforced 
4 ae a more ‘Positive statement i in the final conclusions tov which iti is s added that a 
4 


"The > advantages ¢ of flexible pipe culverts i in mobilizing so-called passive re- 


ae _ sistance in soil masses is fairly well recognized a ind is commented upon by sev- sev- 


eral discussers. permanent stability would seem to be limited to 


plastic clay to. furnish | resistance would be limited definitely 
to its yield value and any additional residual stress would imply continued 
at a rate ‘Prescribed by the time Tate of r relationship of the 


‘and i in conformity with the aicouipted definition of plastic solids to comment on abe 3 
the plastic properties of the soft, undisturbed clay rather than its mechanical a 4 
properties. Mechanical properties: of soil, a s the writer understands them, 
Sv refer to granular behavior, including internal friction, which i is not a property rx 
, oa igh of plastic clay of the nature under discussion to more than a negligible degree, 
a point on which all three investigators apparently now agree. Deol 
Experimental evidence of the temporary character of stresses in the soil 
te He mass in excess of the yield value is contained in the 10-yr record of earth-— a 
pressure observations presented by the writer. Decreasing pressures indicative — q 
ie of increasing - plastic resistance were consistently recorded for the first several . 3 
ai months. for about five years, pressures at the top and 


: 


: the decreased lateral pressure which was maintained at the side could be 
accommodated by residual stresses approximating the yield value of the soil. 4 3 
_ The implication seems clear fhat, if the tunnel structure continued to yield, _ eB 
lower earth pressure an and higher stresses in the soil mass probably could have a & 
maintained for some indefinite period of time. The extent to which the 
Es design of a relatively permanent structure could ascent such continued de- = 
| & is extremely pr problematical and i is certainly an unexplored field. ius A 
"The writer was interested particularly in the analysis of earth-pressure _ a 
; Pa measurements on Chicago subway cuts because it provided an excellent op- 
ars _portunity to compare the results with ‘similar earth-pressure observations on i 4 
Detroit tunnels. The results of these two e ntirely independent 
should be very encouraging to those who are interested i in the solution of such 


‘eo the theoretical basis from which the ‘ain authors approach the problem en - 
at least in the beginning represents view points which have not been in accord 8 


des aling with clays the v writer has insisted for years | that 


many (or perhaps most) of these materials. were, for all practical purposes, — ae Nf 
purely cohesive, meaning that shearing resistance was cumin independent = 


internal friction. In to the writer’s present 
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Rae largely on the diac of whether or not soil resistance may be so > represented, q 
and, if so, how wide range texture may be included in that 


dott expectation that this particular subject would again main sub 
Aes ae ject of discussion the writer scarcely anticipated that the results accumulated ‘ 
& = in the Chicago work would Id agree so completely with the investigations made i in = iF 
wa Detroit. This is s all the more convincing because Mr. Peck’s theoretical ap ae 
ne proach is based on the conventional treatment of shearing resistance as a com- 
_ bination of internal friction and cohesion, and it is the results of the actual — 
which demonstrate the negligible “magnitude. of the internal 
friction as a factor of resistance. Al 
bi Both investigations follow essentially the same logic or procedure in de- : 
~ veloping their subject, and this procedure consists of the he following steps: 


A systematic and comprehensive set t of ‘factual data has been ac- 


its 2. A theoretical basis of analysis of Prey data is framed in terms of —- 


ve ceptions of soil resistance to which the authors subscribe. In so far as validity 


a of the procedure i is concerned, the fatt that these se conceptio 


is only incidental and does not affect the final result. 


iy of. the primary variables and computing the corresponding values of the factors 
of soil resistance. These factors are then correlated ‘in each case by ratios 


between the stresses found to be acting and the measured ntabeanoe of the soil. ‘ 
_ Professor Peck uses a factor nas & ratio of unconfined strength 


a indicating that the available iron resistance of the soil, as measured in hy 
one particular test involved, is not The e writer uses an 


greater than cig, indicating ‘that , under the conditions investigated in the . 


= tunnel, the soil was stressed well beyond the point of | progressive failure — 
during and for some time » after construction. 


Herein lies the only substantial disparity in the results of the two investiga- : 


s tions, and some | examination of this point i is extremely significant from the — 
of practical application. In the writer’ s opinion the 


the basis of co comparison or the methods of shearing resistance 
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|  sistan edge where a direct com d 
alue obtained by the transv: ssion test, was b 


pad ‘of discrepancy thus removed, it would appear to be of some practical | impor-_ . 
ee tq tance to select the test which most accurately represents the the actual _ behavior of of < 
BS _ Although disturbance of the soil sample is undoubtedly a factor, it is not 
sufficient to account for more than a small part of of the total discrepancy. Itis_ 


- the writer’s opinion that in excavations of the magnitude of those under dis- 
union: in both Chicago and Detroit, the soil mass is stressed well beyond the 


shown by earth-pressure measurements in n Detroit, final equilibrium may 
be achieved for several years after construction. The time covered by the Poms 
‘measurements is not great enough to establish this point, but the 
G vi magnitude of the settlement so soon after excavation would indicate continued ee 
movement for a considerably longer time. The robability of progressive 
Pp 
‘movement involving shearing resistance in excess of the yield is in better 
‘ie agreement with general construction experience in squeezing soils where speed ah 4 
of of operation isa most t essential factor i in si successful | prosecution of the wc work. + he 
Other substantiating data for the viewpoint expressed are available from 
sis of progressive settlement of large structures. Three such analyses 


writer within the past few years have shown overload ratios : as 


a more than 1 in. in five years. _ Analyses of excavations in which progressive 
orig movement has been substantially higher indicated overload ratios as high as g 
three. The overload ratio of approximately 2.8 for the Central Avenue Tunnel 
ee . given as the last example i in the / Appendix to the writer’s paper is typical of ® 
several such analys ses of tunnel operations v which are representative « of construc- 
tion practice and which afford a direct comparison between the air pressure 
actually: used | and yield value shearing resistance measured by independent 
‘transverse shear tests. Further experimental verification of the direct corre- 
ation between yield value shearing resistance and full-scale structures has 


been well as similar correlation with 


eollaborated with the writer on several pertinent ‘investigations which 
~ not been published for general information. — Even though the writer has s the oe 
“a highest regard for Mr. Cummings’ grasp of the subject and practical judgment — 

aE in in such matters, he cannot avoid d taking an oe. OOP, view on two conclusions — 


expressed i in Mr. Cummings’ 'discussion— 


 §“*Measurement of Cohesive Soil Properties Applied to Engineering Design,” by W. S. Housel 


hem 


* 


“Report from the Soil at the of Michigan on Testing Apparatus, 
. a= of Testing and Investigations in Progress,’ by W. S. Housel, Proceedings, International Con- | 
Soil Mechanics and Foundation Eng., Vol. II, pp. 24-28; Vol. III, pp. 99-101. 


usel, Proceedings, 23d Annual Highway Conference, RS 
"of Michigan, Ann Arbor, February, Gees 
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HOUSEL ON PLASTIC CLAY 
. That the ‘unconfined ¢ compression test procedu represents a 
_ approach to problems of | this type than does the ring-shear test pro- 


That it is more logical to determine fail in and 


3 — aeviscisstal _ to work with them rather than to determine yield values and then to 
mn increase them big means of an overload ratio. 


valet was described bel by the fl following tito antaa 
The shearing resistance defined as the load at ‘which the 
_ specimen failed completely or as one half the load that produced 2 207% 
strain in those specimens that bulged without failing.” 
The. writer would characterize this procedure as conveniently indefinite 


ae i) * and wholly lacking in the precision required to tie down such an elusive factor Sor" 
as the yield value of plastic clay. Nothing i is said about rate of loading or 
aa observation of the load versus rate of shear relation, which time effects are the __ 
me _ very essence of plastic behavior. When, as in the present. case, the real prob- 
lem hinges on progressive the soil mass, it is extremely difficult 
oF to see how one can avoid the contrgl and observation of all of the variable _ 
es BS factors which are essential parts of the problem. In the writer’s opinion, the — 
__ failure to do so is the primary reason for the inadequacy of many load tests 
that have been run and the greatest bondtow to successful utilization of shear a 


ve dey are four o or five times the other is quite typical. The comparative 
a Lis values, however, ‘may be expected to vary for various materials and for every | ; 
oa change in rate of Aig during tests. The example of the peculiar properties pet 
ie Mexico” City clay makes this apparent, but still presents no evidence that 
“carefully controlled would have, been 


s a If the preceding line « of reasoning is is valid, the ty 3 logical step is & corre- re 


"mass may be stressed without, dire results. Practical experience in nies 
in clay a as W well as in other | - types of excavation has emphasized. that time is sof 
‘ ai the essence and many things can be done quickly which lead to disaster when — o 
cabs construction is delayed. Likewise, the magnitude of the forces involved and ~ 
ea the subsequent st settlement or subsidence extending over considerable periods of oe 
eta time make it apparent that almost any excavation n of magnitude must cause 
_ stresses considerably in excess of the yield value. _ The evidence in all three 
_ papers presented in the S. Symposium confirms this conclusion and further sup-_ 
_ port is given by the correlations referred to previously. - Under these condi 
_ tions the writer can see no reason for shying away | from an overload ratio. os 
‘After. all, that is simply being realistic and practical. Having admitted that 
+" hy: ‘there i is a yield value that can be measured by some test procedure, it would De 4 
seem to be a definite “bench mark” that may serve as the first step in elim- _ 
inating _ The overload | ratio then b becomes more 
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b, i tical faces as principal planes establishing the principal stress differential of ts. 


i) Si added plastic resistance dev: eloped by subsequent yielding is beyond the reac h 


a and the means of controlling the hazards involved within practicable limits. 
a Some further advantage in the ring-shear tests arises from the fact that te 
“Ss smaller samples may be obtained with little change in commercial sampling © 
= practice. In general practice the greater difficulty and expense in obtaining — 
et the larger undisturbed samples in conjunction with construction operations _ es 
frequently limit th ber of samples and provide a | sitive 
equently limit the number of samples and provide a less representative = 
of the character of the mass as a whole. 
_ There are several other points raised by other discussers which require 2 at 
am pion Eremin mentions an inconsistency | in Eq. 32 for lateral pres- 


sure on the tunnel and Eq. 34a for pressure on the invert. _ The criticism is well ag 


nf ciples of | mechanics was peculiarly perplexing and was the subject of ae 
months of study. In order to express arching action (which is a function of — 

oe t the diameter of the tunnel) in n terms: of stress, it was a advantageous to deal : 
with elements of mass of the same dimension. To do so ) required dealing i in 


;. tion onan in terms of measured shear values without violating basic prin- oe 


seangilind that these boundary stresses vary from point to point. Such ap- fy 
Been have been successful in developing bearing capacity relations i in a 
_ interpreting load tests and appear to be equally useful in the present case. 
See methods presented themselves in formulating an expression for lateral 


eee va pressure. The cube at the side could be taken with the horizontal and ver- = 


between vertical and lateral pressure. The arching action around the 


4 effort was made to find another method of the 
incongruous factors involved. approximation used was considered to be a 
objectionable compromise. The pressure it in the ‘Tegion back of the cube 


thick cylinders giving a total differential of 4S. 


a 3 ‘The combination of stresses which hold for the elastic range to which are > 


of so-called rigorous mathematics in cases such as that under discussion, q 
the writer has done his best to bridge the gap. — That the result is perhaps a ; 


Be: crude. approximation is admitted, but it is believed to be useful until someone 


__In developing the expression for the invert pressure, vertical arching tion 


to be involved that t already taken into account 
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redistribution, and the writer 1 retained the method which he 


face of the cell to break electrical contact. _ Care was exercised to cut off the 
air supply immediately without exceeding this pressure. The movement of the - 
o—. face is very small, something on the order of 0.001 in., and on previous Ree ‘ 
experiments it was found that the procedure outlined made it pdasibile to check — ae 
-earth-pressure readings immediately. n other cases it was found that, when 
oy — air pressure was allowed to enter the cell, such readings could not be 
S Eee checked for some period of time. These observations were taken to indicate ei 
that ‘deformation of the ‘soil i in contacts with the cell could be controlled to no 
more than negligible proportions. Further than this the magnitude | of the : eu 
readings and the consistency of results are evidence that they have not been | 
thrown out of focus by i inaccuracy in the pressure cell used. Such scattering 
a Ss = at results as was s experienced, , particularly after some » period of years, ‘could ial 
44 
traced rather definitely to faulty ay and condensation of moisture 
the cells, some of which eventually became useless. 
a “Professor Tschebotarioff also inquired as to the general characteristics: of 
| ‘the Chicago and Detroit clay. ‘ Professor Terzaghi gave some information in 
ee ms this regard in his paper. Soil index test data for a typical Detroit clay were = 


obtained during shear tests made several years” ago in which 


brow 


= 


iets. 
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supply an answer, the first concerning the pressure-cell readings. 
pressure readings with the Goldbeck eells were made by bleeding air slowly 
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a ma wok to in which it is used 
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hydrologic analyses. Some of the details and differentiations discussed are 


“hydrologic data available today. However, the proper use of the: 
_ curve is essential to a fundamental understanding of statistical analysis ay 


testi: In its application to flood-control work, the duration curve may be looked 
Uy % upon as a refinement of the practice of basing the design on the largest flood 


Be of record. _ The difficulty of this old practice lies not only in the uncertainty — 


that t the maximum occurrence is representative f¢ for the Period | of ‘record, but 
also in the absence of criteria for determinin 
_ period of occurrence. Both of these deficiencies are remedied by the proper Vth 
te The theory | of the duration curve is relatively simple. — The occurrences of Pact — 
the future (those that are “in store” for the future) are considered to constitute — e a 
a series, arranged in the order of descending magnitude. If there are an in- Os 
_ finite number of occurrences in store, then this series may be represented by a rr 
oe 2 continuous curve such as that shown in Fig. 1. Furthermore, if itis considered 
s es that there is no cycle or trend in magnitude with respect to time, it may be ; 
i assumed that occurrences which happen within a given period have each been 
" selected at random from the store of occurrences. — Lastly, since the number « of 
occurrences in store is considered to be infinite, the selection of a aiuite — 
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remaining series of occurrences. oF ie 
ips ~ds Since they have been chosen at random from the store of occurrences, , the 


ee oceurrences of record (those to be used in the analysis) 1 may be used to esti- 


curve defined, forecasts concerning future occurrences may | be made. 
ag ‘STRUCTION OF THE Duration 
‘The curve shown in Fig. 1 may seprepent:-ell-of the ‘occurrences: ever to 
happen o or it may represent all of the yey maximum occurrences: é 


Relative 


f Occ: 
Fig. 1.—Drerarsvtion Cunvs 


appen, or any one . of many other series. This curve is called a probability 


r distribution curve and is similar in nature to the normal probability curve — i be 


“of Gauss and Equal areas under the curve equal numbers 


the probability duration curve. is obtained. Fig. 2 shows the 


= duration curve that corresponds to the probability curve shown in Fig. 1. 


oe The maximum value of t the duration curve e ordinate i is s equal | to the total area 


= 
ja 
: 
| | 


under the probability curve. If this value i is called 100%, then the 
scale of Fig. 2 will range from zero to 100%, and this scale is called the per- 4 3 
centage of occurrence scale. - Convention interchanges the ordinate and ab- 
_ scissa seales and reverses the order of the percentage of occurrence scale such =! 

: that the maximum ordinate ct corresponds to 0% of occurrence. The duration 


Moret 
curve of ae. 2 is shown conventionally i in Fig. 3. 
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‘ occurrences of all of the 10-yr periods ever to happen ra» a the second © 
“a largest occurrence of a 10-yr record i is considered to be the median o of the second ot id 
largest occurrences from all of the 10-yr p periods e ever to happen, , and so forth. 
Since the total number of occurrences greater than any median is equal to the lee 


total smaller than the median, it is expected that half of the occur-— 


drawn through the vil be the best of the 
14 om ete In Fig. 3, all of the occurrences in excess of the 10% 0 of Ficiedianias value 
pa constitute 10% of the total number of occurrences. If one occurrence is chosen a 
: ane at random, the probability | that it will exceed tl the © 10% of of "occurrence value i is Ps 
= . ‘Similarly, the probability that an occurrence chosen at random will os 
Bee exceed a given percentage of occurrence, P, is P divided by 100, or p. If all 3 sy * 
occurrences are grouped at random in sets of ten, then the probability that the "Wis be 
eer maximum occurrence of a set chosen at random will exceed the median of the 8 
maximum occurrences of all of the sets is 50% (since there are as many above a 
median as there are below). _ Therefore, it may be stated that the probability 
that none of the ten occurrences chosen at mrp ne apt will exceed the median of 
one maximum occurrences of all of the sets is 50%. 
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Let P the per cent of osourrence of the median. (1 - —p), 


= ee will be the probability that an occurrence chosen at random will not exceed the 
median. The probability that ten consecutive occurrences chosen a at random 
a will be smaller than the median is therefore g'® and is known to equal 50%, or 
0. 50. From this, the value of q is 0.933, and p equals 0.067. _ The percentage 
of occurrence > corresponding to the median of the maximum occurrences from ‘ ; 


> ae In a similar manner, it is possible to determine the percentage of occurrence | ‘ 


occurrences chosen at random will fall below a given value is 50%. 
probability none will exceed the is probability that ¢ ex- 


For Senres or TEN 


sponding to the median of the second — 


an largest occurrences from the sets is there- 
fore 16.4. Values for the third largest, 


others, may be computed similarly. 


rence is its estimated percentage of oc- 


a of ten arbitrarily chosen occurrences are 


iveninTablel, 
BP In plotting the dt duration curve, the assumption was made that the recorded — YY 
occurrences were Tepresentative of any set of events that w ‘wo uld occur in pe- 
ee The largest event may be twice as great as anal normally occur in ‘the given 
fm period, and the second largest may be smaller than the normal second wae: 


"record, the accurate is the balancing out. Since series plotted is 
: accurately : representative, it will not plot as a smooth curve. Ifthe points — 
_ that appear high were lowered somewhat 4 and the points that appear low were 


of ten will exceed inus the two foregoing 
| 
— 


STATISTICAL ANALYSIS 


a 

i iM} \¢ period equal to the period of record. In plotting the curve, the largest of ten _ = 5 Om 
occurrences was assumed to equal the median of the maximum occurrences 
a ten sets if the occurrence as plotted did not lie on the smooth curve, 
assumption was in error, and the point on the smooth curve having the same 
percentage of occurrence was the new estimate of the median. = ; 

- Suppose that the “store” of occurrences for the future is arbitrarily divided : A 

“into sets of ten occurrences each. 13 Tfo one of these sets is chosen at random, 


the maximum occurrences of all sets. This is obvious since there are as many 
2 a 5 occurrences to choose from in excess of the median as there are smaller than the i x 
a < median. Thus, the median of the maximum occurrences of all of the sets is the | ota Fy. 


a 


4 smallest value that probably will n not be exceeded in a single set chosen at ran- 
SS. f tr dom. This value for a ten-occurrence set is read on the smooth curve at 6.7%. 
o.” = ie Since the smooth curve obtained is the best possible representation of the — 


true duration curve, and since the curve is independent of the number of occur- 


eo rences used in its construction, a normal series comprising any number of oc- “a 
currences can be obtained from the curve. Thus, a normal series of one 


Ete dred occurrences can be obtained by merely picking off values at the respective — bs 


a 


‘Points a at which each of on one hundred occurrences would be plotted (their 
It often has been necessary to determine the frequency with which a a given 


a ge question has a 10% occurrence, then, | on the : average, 10% of the occurrences Se 


me _ will exceed that value. Thus, if fifty occurrences happen in ten years, five 


can be expected to exceed the value. 


_ The necessity of extrapolating duration curves of to 4 
make long-period determinations has arisen in almost every hydrologic in- 
vestigation in which duration curves were used. Unless the curve can be 
is es scribed mathematically, the extrapolation is necessarily based upon a few 
occurrences at the end of the curve, and, therefore, is liable to large error. If — 


y the form of the curve can be determined beforehand, however, every point ¢ can ae 


value is exceeded. If by the duration curve it is determined that the value in 


play its part in determining the extrapolation. 


attempts have been made to describe the duration curve mathe- 
matically. many equations suggested, only one has a rigid mathematical 
3 me derivation. This is the Gauss-Laplace normal distribution curve. The funda-— 
ae ki ~ mental assumption upon which this law has been formulated is that the arith- 
S. metic mean of the variate is s equal to the median of the variate. — The orl 
2 po tion of this assumption for many cases has been proved unquestionably by 
innumerable observed distribution curves. However, the attempts that have 

been made to fit rainfall or runoff data to the curve ‘have resulted in definite 
os discrepancies. The result is that many individuals have taken it upon Yee 
— a selves to find a more suitable distribution curve to use in rainfall and runoff = | 
jhe, analysis. Unfortunately, the ordinary treatment of the problem has not been ec es 
to to discover the in the law and thereby cor- 
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STATISTIC: AN 
the fundamental assumptions 


Outstanding discussions of the | ‘problem here involved 
of the Society i in 1927? and 1936.* Particularly enlightening i 
the discussion by Arne Fisher.‘ Referring to Thiele, Mr. Fisher states: 


“He mentions that, if the distribution of the variate, z, as actually. 
. observed, is found to be skew, or to deviate from the normal probability _ 
= x may be considered as a ‘fictitious’ observation of the ‘pseudo 


normal’ variate, t = ory which latter function is supposed to follow the age 


wphiele 8 ‘investigations led him to obvious. ea. that if the geo- 

pis metric mean of the observations yields the most probable value, the arith 

- metic mean of the logarithms of the observations must yield the most — 

v4 probable value of the logarithms of the observations, so that if the log- 

- - arithms of the observations are assumed to be normally distributed, a 
of error can be found for the observations themselves by a 
_ transformation of the variate. Such a law must necessarily lead to the 

geometric mean of the observations as the most probable value.” 


A logarithmic transformetion. of the variate often has been used with — 
success. However, as is certain to happen when records 


it v was considered that other curves could be used which would 
[ have as good a basis. However, a substitute law seldom has been formulated — Xe 
did not receive more adverse criticism than praise. Evidence supporting 
in... or refuting the ‘spplicability of the normal distribution curve to rainfall and — 


_ When a series of rainfall occurrences consisting of every occurrence of record — 


is plotted, the existence of the annual cycle may, and probably does, impart a a 


ss degree of ‘ “skewness” to the : series, since it cannot be stated that each occur- Fe 
rence is independent of every other. If the series selected consists of the ee 
on ‘maximum occurrence 0 of each year , however, th the series i is not affected by the - 
annual eyele. Such a a ‘series, having the advantage of normal distribution, 
often can be used instead of the cumbersome series consisting of every occur- | 
rence recorded. If it is necessary to construct a duration curve of all | occur 
3 rences, the duration curve of yearly maximum occurrences = be used to 


* “Straight Line Plotti 
Va. 91 (1927),p.1, 


quation. Most of these do not _ 
mits or using ma Variavlons quation. Most o 
eet Be: impl mptions that form the basis of the law of Gauss. They a 
adhere to the simple assump 
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24-Hour Rainfall, in Inches 


extrapolate the curve if extrapolation appears diel, in since oné curve is a 4, 
The writer has constructed hintion curves for six rainfall records from = 
southern California stations varying: in from to sixty-two 


4 ai 
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10 20-30 395 
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sizable deviations exist. however, constitutes neither of 
of the law nor & condemnation of the law. Te records ai are fer 


normal may be expected. 
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STATISTICAL ANALYSIS 


vicinity of Los Angeles, Calif, ‘curves of yearly 
rainfall totals were prepared for the entire period of each station. Inadditionto 


the periods were broken down into ‘10-yr, 15-yr, 20-yr, -yT, 30-yr, and 


ie structed. The average period of record for the stations was about sixty years. tae 


Each station, therefore, had approximately six 10- -yt records, fc four 15-yr ‘records, 
three 20-yr ‘records, two 30-yr records, and one 40-yr record. Duration curves ny 

_ were drawn as straight lines on logarithmic-probability Raa 

_ The first step in the analysis was to determine for a 10- -yr period w whether 

pais the 10- -yr normal maximum occurrence computed by the duration curves had — 

air. greater correlation than did the actually recorded 10-yr maximum occurrences. 
_ The values obtained from the duration curves | for a given station were averaged, 
and the percentage « deviation of each value from the mean was computed. — 
‘The thirty-three deviations thus obtained from the six stations were used to % 3 
_ compute the probable error of a single observation. — By a similar procedure, — 


the ee error of a ‘single recorded 10-yr ‘maximum o occurrence was com- 
fer 


a 
» 
— 


he probable errors for of ‘the not we 

: oS satisfactorily i in the same manner since there were not gg occurrences for 


a sation ie is that indicated by the ay curve for the entire period of cn” ee 
for that station. Deviations computed as percentages of this long- 
Be value, and probable errors were then determined. — _ These are shown in Table 
a Be 2(a). It will be noted that both the probable error and the largest deviation 
Be roy experienced in in the computations are consistently higher’ for recorded values — 


Co 


| 


than for computed values. — Furthermore, as the period of record lengthens, — 
es a the probable error of a computed value is greatly reduced, whereas that of a 


‘. ‘one of the advantages « of design by the rowers curve rather than by the 
S maximum occurrence of record is that greater accuracy is obtained. a 
be To provide a better indication of the variation of accuracy with the period 
a record, the probable errors of a single 100-yr_ value, ofa single 50-yr value, = 
- and of a single l-yr value were computed for the same periods of record as in 
‘Table 2(a) and in the same manner. The results of these computations are > 


Table 2 applies only | to having approximately the same slope as the 


curves of Fig. 4. If the slope of the curve is greater, the probable errors will sore. t 
be greater. A good index of the slope of the curve is the ratio of the 1% value i 4 
to the 99% value onthe curve. This ratio n may be used in an 1 an analysis to relate a 


& as oy error to the slope (degree of dispersion) of the duration = Pie 


Be, 


: Be. the structure is to afford protection is chosen by an economic analysis. If this ai 
ae % ‘ is the case, the structure should be designed to control the normal sequence of — 
— to be | within pad given period. If the economic side is of 

r 


of occurring during the life of the structure. The ex extreme case is that 
in which the structure is designed for the maximum possible flood which can 5 


iva 


A loosely used term | in this ‘Tegard is “maximum probable” 
Probable,” in the ordinary sense of the word, means Janay than a a 50-50 
of or than 50% probable. 


ar would seem advisable in view of this misunderstanding to eliminate gs Se 
“maximum probable,” from the hydrology vocabulary. 
* th deriving the values shown in Table Ae the writer assumed that the value= 
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ms te of being g exceeded in one hundred y years, then, nny of using possibly — 
ae a value having a 50% chance of being exceeded in, say, two hundred years — 


- (as ig is often erroneously done), a value can be derived easily that will determine — 
a flood having a 25% chance of being exceeded i in one I hundred years, This is 
-100(1 — 0.75°-") = 0.287, Thus, it is not only inadvisable, but also 

. 4 unnecessary, in dealing with a structure to be designed for 100-yr protection, 


te consider any frequency other than the 100-yr frequency to 


@ PROBABLE Error Maxmuum Deviation; ) Error or A 


Compurzp anp Racorpzp Computation (%) 


{ 


= that this quantity, if estimated conservatively, is so huge as to prohibit design. 
In his ps paper entitled ‘“Maximum Probable Floods on Pennsylvania Streams,” 
Ruff,§ M. Am. Soc. C. E., states: ‘The term ‘maximum probable flood’ 


Rat. used to describe not the largest | flood possible, but a flood : 80 large that the 


= ’s activities.” This definition has been criticized as being too vague. — 

4 However, the basic idea seems to be a good one and, if the probability so de-_ 

fined can be put 2s a a percentage probability such as 10% (one chance i in 

ork =. then the flood under consideration can be determined mathematically, _ 

<8 a large probable error may exist at such a remote point on the dura- 

tion curve, This large. probable err error may, cause some to hesitate to ust use the 
“quantity, ‘but there is no type of analysis "available - by which ‘the error a 
be reduced. Therefore, it may be stated that a so-called “maximum probable”’ 

flood can determined by the use of the duration curve if the prob- 

ability of occurrence nce within given period of time is stipulated. ry 


his paper entitled “Duration Curves,” H. Alden Foster,® M. Am. Soc. 
E., states: ‘‘ Having only a limited number of items from which to a 


corded | curve | corded | 1250 
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tinuous | curve, ‘the’ is made that this continuous curve would pa pass 
BS through the center of each block of the actual record.” It is apparent that this e 
4 ale assumption i is slightly i in error, since the values thus obtained for Table 1 would = 
— bei 5, 15, 25, ete., instead of 6.7, 16. 4, 25.8, etc. Asthe number of items increa 
_ however, the error in this assumption rapidly becomes negligible, ‘and curves & uy 
be, E. plotted by the approximate method will be very close to those plotted in the 


correct plotting positions. Since computation of plotting positions for various 


“ "numbers of occurrences requires considerable time, it has been impossible to ere 
include a table of plotting positions. For the same reason, it may be found to Me 
= be impracticable for : an individual to compute plotting positions: for certain — 3 
Beri studies. In this case, a good approximation m may be made by ‘computing = 
& 4 plotting | position of the largest occurrence and estimating the plotting positions 


tes It will be noted that the true plotting positions are aoe closer to. 50% than | 


are the approximate ones, and that the difference between the true and ap- 


ei using the duration curve for flood-control design, the design flood is aS bd 
a defined as that which will be exceeded once (on the average) within Gg 


the lifetime of the structure. Since com- 


-8.—PERCENTAGE mon sense dictates that a flood which 
moths “ah probably will be exceeded is ordinarily a > 
poor design flood, it appears advisable 


of flood) adopt the design flood definition as ‘the 


0.07 minimum flood which will probably not 


038 36 be exceeded within the life of the struc 

(one of which was dete 

i jon in ‘the foregoing analysis) of design 


cee Es It ad been | common practice, i in order to facilitate an 1 analysis, to > plot only Ae 
~ 

the upper portion of a duration curve for which a great number of occurrences 

are available. From an engineering viewpoint, this procedure is generally 

Fast be because it iti is approximately correct an and eliminates a great deal of fwork — q 

that in most cases is ‘unnecessary. However, er, the construction of a curve e from ie ot 

a partial series has two disadvantages—plotting positions are approximate, — 3 
ins = and a partial series cannot have a normal distribution. These disadvantages oS 


may in some cases (in which more accurate work is justified by design considera- 


~ 


tions and available data) outweigh the advantage of expediency. 1, 
es. Probably one of the most important weaknesses of the duration curve re- “ a 

sults from its use as & mechanical process, the accuracy of wi which is often over- 7 fs ¢ 

and sometimes hesitates to ‘use the : 
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"satisfactory design can be obtained. method used in 
beer must be flexible and adaptable to varying quality y of data. Hydrology has not cs, 


advanced far enough but that judgment must still play a major part in any 


4 


{ within 
Conclusions drawn the and. discussions : are ; 


iy (a) In order to represent best a distribution curve using a finite number ot 
occurrences, the occurrences should not be plotted with equal spacing; 
oN aaa (b) Following from conclusion (a), the plotting of a series of occurrences — 
< _ above a base value as a complete series is not mathematically rigorous; _ as 
The use of the Gaussian normal distribution curve has’ wa y 
Sy _ been proved to be inapplicable to a properly chosen rainfall or runoff series; pe im 


Ie vg The duration curve can be used to determine the occurrence that ;prob- 


ably will not be » exceeded within a a given period as well as that occurrence which | 
will be exceeded (on the average) once within a given 
(e) The “maximum probable” 
ined by use of the duration curve. _ 


a: a a record of short duration. However, in addition to the recorded = 
urrences, it is possible to use all types of rational comparisons and analogies 
| 
| 
— 
— 
— 
— 
& 
= 
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SranpisH Hau,’ M. Am. Seo: C. E.—In presenting applications of 
statistical analysis to hydrology, this paper should prove valuable in ‘many 
peel _ The accuracy of the projection of a short-term record by statistical 
or methods to determine the probability of the occurrence of an event over ae 
~ longer period of time has long been open to question. +f In fact, even on n the © ae 
% basis of statistics, the probable error of such a projection i is large. wer 
theory of the frequency distribution curve, on which the duration curve 
ol i is based, is predicated on certain assumptions indicated by the author. Ss ol gS 


4 


conditions are not rigidly applicable to hydrological data, since it is tacitly — 


s tions and methods from which the observations are drawn; + and, if the observa- 
tions have been made at different epochs, that there has not heen any essential ace 


a - (a) ‘That there is no difference in any essential 1 respect between the condi- 


ehange during that petiods 
That the conditions that regulate the appearance of any event must be 


3 the same for every series, and also for every observation in the series;and = a | 
(8) That the individual events must be co mpletely independent of 


ott 


second and third are marked To 4 | 
Ss a aa satisfy the first condition in stream- -flow measurements, no o changes en ate! 
have occurred from the transfer of the measurements from one location to 


aie another, or‘in the accuracy with which gage heights are observed or stream 


wi 


flow measured or estimated. Iti is well known that this condition has not been 

fulfilled, since there has been a progressive improvement over the period o 
available records with regard to all of these items. Recording gages have 33 
eS replaced staff gage readings; improvements have been made in the technique 4 ae 
, en a of measuring stream flow and of estimating flood discharges by surface = ee 
ments, slope observations, or water-surface drop at contracted openings. In 


€ ad general, no attempt has been made to review previous flood discharge observa- as 
tions in the light of more recent know vledge. ‘The same situation also applies 


ie ve to rainfall observations and most long records are a composite of observations fem a3 7 3) 

“ee at several locations in a given locality made under varying conditions of accu- tee iz 

racy, due to exposure to wind and height of f gage above ground. Also, assuming 
that the measurements of stream flow were all of equal accuracy, there have 
a= _ been changes on many streams due to the works of man causing changes in Ni co} 


_ channel storage by ‘Teservoirs, levees, and channel improvement, changes 
33 permeability of the surface by roads, buildings, cultivation of land, soil erosion, 


a= The satisfaction of the second condition requires that no cyclic changes ro 


affect the hydrologic record. Although the climatic divisions of the ae . 


a ’ Hydr. Engr., East Bay Municipal Utility Dist., Oakland, Calif. 
Measurement and Computation of Flood Discharge,” by Carl G. Paulsen, Am. 
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HALL ON STATISTICAL ANALYSIS 


ce the best known are the 11-yr sunspot cycle and the 35-yr Brickner cycle. 0 


ees "the longer. meteor rological periodicities, the glacial and ‘inter-glacial cycles are 
eae the most pronounced; but even within historic times there is definite evidence of fi 
oe wet and dry cycles. In the western United States evidence of climatic changes _ 
ee: | growth of the ) Big Trees of 
California, checked and adjusted by the variations in the levels in salt lakes 
pe z of the desert area and by archeological remains. As a result of the correlation a 
Z % of these data, the cycles of precipitation have been traced back to 1 1000 BS. 
he indicating the occurrence of alternate wet and dry periods, each having dura 
jag tions of several hundreds of years. 10 © Deviations from the mean extendin 
over cycles of such length could not be ascribed to fortuitous chance. 
The third condition that individual events be completely indepe ndent 


4 
tinuous ‘process, each event is influenced to a greater or less degree by the 


duration ranging from a to many the shorter 


n 
years. In particular, flood discharges are circumscribed in this respect. 


= given precipitation may regult i in either a moderate runoff or a flood of un- - K, 


precedented magnitude, depending on the 2 temperature and precipitation of 
fy as the preceding \ weeks and months, as these may affect the soil infiltration rate, Saver 
or the accumulation of snow on the ground of a sufficiently shallow depth to | 
120 permit of melting during a warm rain 


surrounding the occurrence of major floods results a marked skewness sof 


mt the data, which in turn affect unfavorably the accuracy of prediction from 
ae short records of future flood frequency. In some flood records of 30 to 50 years 


length, there has been included a maximum 80 greatly i in excess of the | frequency 


analysis. More accurate flood-prediction | frequencies would | be Possible 
more study v were made of precipitation intensities in conjunction with a correla- 
tion with the other factors affecting runoff. In general, rainfall records do not 


exhibit the degree of skewness evidenced by fi flood -flow records, and hence can 


semi-tropical climate lacking the influence o of show acoumulation, the runoff 
from identical storms can vary considerably, depending on | ‘whether ‘the storm 
- occurs on soil either dry, of average moisture content, or saturated. The last, ie 


f oy. condition | will naturally produce the maximum runoff, and assuming that this 


is 


as frequency is one fourth, a ‘precipitation occurring « once in twenty-five years 


would produce a maximum flood only once in one hundred years, Such full 
: use of available data, although involving much statistical analysis, would BS 
undoubtedly yield results of ‘greater dependability. In regions having 


- Za of snow on the ground, another ‘variable is added involving such 


ators as saturation of the soil before the snow fell, water content of the snow, 


of accumulation, temperature, and precipitation. -coinei- 


10 “Climatic Encyclopedia Britannica, 14th Ed., Vol. 5, p. 827. 
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o. rences without the author's formula. _ This i ‘is unfortunate, as the author has 


not included a complete table of plotting positions. 


The basis of the formula is the proposition that the ‘frequencies of 0, 1,2, 


a ven rane of n events are given by the successive terms of the bincsial 


_ in which p represents the frequency of successes and q the frequency of failures, 
e. The plotting position is determined by equating the summation of successive _ 
terms of the binomial seriesto$, “4 
There is some question in the writer's mind as to the propriety of 


assumption. Considering, for example, a 10-yr period, the first term does not 
; = _ indicate the probability of equal chances of failure or success to secure the 
median of the events occurring one tenth of the time, but rather the equal 
. chances of failure weighted against the success of obtaining 1, 2, 3, or 4 suc- 
aq ; 3 This is illustrated in the following tabulation, which shows the ant. 
a _ distribution for n = 20, p = 0.1, and g = 0.9, or the expansion of (0.9 + 0.1)”: pS 


guecesses 


Two successes would be normal waa would have ‘eho probability, 
but cases of one success are almost as frequent and even nine successes may 
= about once in 10,000'trials. The probability of obtaining 2 or 


successes in 100 series of 20 events each is 60.82 as against 39.18 chances of Sa 


B. ve In all cases in which 7 p does not equal q, an increase in n naturally r raises the om 


- number of successes most probable of occurrence, but at the same time aS ie ; 
increases the dispersion and decreases the skewness. This i is revealed if the can 


= 20 is compared with that for n = 100 or the expansion of — z 


“An Introduction to the Theory of Statistics,’”” by G. Udny Yule, Charles Griffin & Co., Ltd., 1917, Poe 


of a series of occurrences is based on the theoretical expresslo 74 | 
a i the form of the frequency distribution." The lack of a comp Toe Fone. 
mathematical treatment makes this portion of the pap tres 
be difficult for one to comnute the nlottine nosition of anv numbe 
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Me. of 
bat 


In this case, 


‘ig skewness of the series is much less pronounced than in the previous exanapla: ms 
im ‘The probability of obtaining 10 or more successes in 100 series of 100 events 
each is 54.87 as against 45.48 chances of obtaining from zero to nine successes. et Ps 
a It will be noted that practically no chance of failure exists in a 100-yr record. aby 
oe an To have a probability of 1 in 100 of no success for p = 0.1, a 44-yr record is 
ane et necessary. _ This indicates the length of record necessary for a similar prob- 


_ The chances of no successes in the series (q + Pp) where n = 


Probability of no gh bt 
successes per 100 trials 


on Ih other words, the chances of | failure to obtain during t the once-in- -a-hundred — 
event in a series of 100 trials are greater than the chances of failure to obtain 
a - during the once-in-ten event in a series of 10 trials. This is offset by the 
probability of one or more successes in each series of trials. Hence, in any 
given series, it is justified to assume that each occurrence is representative of 


- the period and can be considered the median for 1/nth of the BR! 


: ean be chosen or n maximum events can be selected regardless of the year in i: 
which they occurred. Assuming that the “ store” occurrences 3 or ‘universe”’ 
- 2 known, then, with records of 10 to 50 years’ length according to _ 
binomial expansion, ‘the chance of failure would occur in about 35% of ‘the 
ie years and the successes would be grouped i in the remaining 65% of the years. 
- sat The selection of the n maximum events would be the proper manner ¢ of arrang 


ten successes would be normal and would have the greatest 
as p becomes smaller as [ollows 
are 
a 
4 
: 
= 
ig 


ng the nas In n records of this type it is usual to find wet ye years with wacat Fe 
ven three, occurrences that exceed the maximums of the dry years. a In The, 

“a 

on many western streams it is not unusual to find wet years having 50% o or more “f 

_ of the daily discharges in excess of the maximum daily flow of the driest ool 
‘Under’ these circumstances: the selection of the m maximum occurrence of 
he available 
cee The author indicates that the Gauss-Laplace normal distribution curve ae 
the only one having rigid” ‘mathematical derivation. Many rigid mathe- 


“matical treatments are possible based on assumptions: ‘differing from those 


am forming the basis of the normal curve of error. It is possible that many 
_ distributions covering all types may follow this law, but, in general, hydrologic — ‘ an 
data differ too greatly from it to make possible any forced agreement. of ae 


author states (see heading “The Normal Duration Curve”) that the 


> 


te “logarithmic transformation of the variate often has been used with exceptional — 
success.” ‘i _ This assumes that t the geometric mean is the tr true average of of the eries, 


_ of a series is always less than the arithmetic mean, ond most hydrologic data i 
i es have a distribution with the mode | less than the mean. _ This ¢ does not rarer 
= that the geometric mean is the most probable value. _ In many series having ze 
Bi oe large number of zeros the geometric mean obviously does not apply, as for 
example i in the distribution of daily precipitation. Very cursory examination 


“ye The method used in plotting the duration curves, in Fig. 4 is not stated, and ie 
ft the author’s method has b been used the location of the plotting positions — 
Ae ~ would be facilitated by appending a table. The selection of the data (which es 
Ei is 24-hr rainfall, in inches) is perhaps unfortunate, due to the fact that a 
ey ry many w wet years there might b be two or more occurrences of 24-hr precipitation — ce 
A in excess of the maximum occurrences in dry years. * The method used a: 
preparing the statistical array is not stated. A discontinuous type of occur- 


i rence, as the ones illustrated, is best treated by other methods. 2 For flood Aer | 


discharges, a of probability ‘methods to determine 
Lee rainfall, combined with ‘ “ational” methods for flood runoff or a unit hydro- 
graph is most advisable. "However, this criticism does not affect the validity 


25 
vite’ 


The discussion of the accuracy of the duration curve is very valuable, but 
sat is the author does not explain his method of determining the probable error and : 
the largest deviation to sufficient extent to indicate t the applicability o of 

L results to other statistics. Much of the author's paper is ‘argumentative rather 
= ae than analytical, but this is not without value, since it presents the need for a oh : 


eomplete analysis of statistical m methods as applied to hydrology in order to 
evaluate the worth of various probability ‘methods brought forth over the 


& past 25 or 30 years and to determine the proper application of the various types = 
= of probability studies to engineering | statistics. The investigation of this field — 


of hydrology would merit further study. 
12 “Methods of Estimating Floods” from ‘Floods in the United Water Supply Pepe No. 771, 
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Foster,” M. AM. Soc. C. -A various ‘questions 


7s _ connected with the use of duration curves in the analysis of hydrological rec- 
1 ords is contained in this | paper. ey number of these questions have been treated 
or some detail by the writer in previous publications. M, 16 At the risk of 
repetition, the following comments are submitted: “edt 
Beard devotes considerable space toa demonstration of his conclusion 


- ‘Eq. 3 is in error, although he concedes that, in general, the presumed error is 


fe the writer’s opinion, this statement is not correct. As the duration curve ; 

_ is generally considered, _ the largest t occurrence it in a 10-yr period « should be 
taken as the median of the 10 largest occurrences in 100-yr record, or 
median of the 100 largest occurrences ina 1,000-yrrecord. 
To make this clear, assume 10 duration ‘series, each covering 10 

R Also assume that , these 10 series have been 1 arranged so that the a terms are in 
* descending order of magnitude from a; to ai. By Mr. Beard’s method, 2 or 
’ i “only one 10-yr series is available, the a term in that series is assumed as equal — 
to the median of the 10 values, a: to Bt Yo 
Now it is quite possible that one or more of the ten b terms /may be greater 
than the smallest a term, aio. Consequently, if a duration series is prepared 
er using the entire 100-yr record, the first 10 terms in this combined series may : 


pra - include some of the’b terms, in which « case it will not include all of the a terms. es ' 
Hence, the median of the “largest occurrences of all of the 10-yr periods” BR a 


a to dio) will be smaller than the median of the 10 largest ¢ occurrences in the — : 


It i is true (see heading “Construction of the Duration ‘the 


The 
is probability that the said maximum occurrence will be less than the median i is 
Es. also 50%. _ However, the probability that ‘‘none of the ten occurrences chosen 
at random will exceed the median of the maximum occurrences of all the sets” 
is not 50% as stated by the author. The 50% probability previously noted — i 
applies to the 10 maximum occurrences (the aforementioned a terms); so that — 


the pasbabiity that any one of the ten terms in one series (such as a, to jis 


Wate Surely Paper No. . 771, Geological Burvep 
on Me or oods, by H. m Foster). 


yan 


Curve’’) that largest occurrence in a 10-yr period is considered to be the 
= 
an With Parsons, brinckerhof, Hogan & Macdonald, New York, N.Y. = 
“Theoretical Frequency Curves and Their Application to Engineering Problems,” by H. Alden 


Be for insite will exceed the median of the ten a terms is 0.50 X 0.10 = 0. 05, at 
or 5%. Hence the probability that none of the ten occurrences will exceed — , 
the median should be 95% instead of 50%. 
: to% It seems obvious to the writer, therefore, that Mr. Beard’s method of com: 
"puting the percentage of occurrence corresponding to the median of the maxi- A 
‘mum occurrences from all of the sets cannot be justified. The same conclusion — as 
spi to his method for computing the other plotting positions. In the 
writer's opinion, Eq. 3 gives the theoretically correct plotting position. In- 
 cidentally, this method has been quite generally accepted for the plotting of a 
duration curves in hydrological the 25 years since the first 
> wit The writer is in full agreement with most: of Mr. Beard’s discussion of dura-_ 
tion curves, except as to the general use of the normal, or Gaussian, Probability — 
a curve. It has been quite well established, both in actuarial studies and 
3 various statistical studies in other s sciences, such as biology, that unsymmetrical — 
distributions of many types do occur. There seems to be no reason why similar 
q a should not oceur in hydrology and ‘meteorology. In fact, it is 


rule rather than the exception, in per erverse data . The mathematical form 


or _ of the skew probability or duration curve has been discussed extensively else- 


where, 14, 16, and as noted by Mr. Beard, and would seem to be outside 


oe oe Mr. Beard’s study of the accuracy of the duration curve is of interest. boi BP. 
Ss as The writer fully concurs in his statement (see heading “Accuracy of the Dura- By: 
tion Curve’’) that “one of the advantages of design by the duration curve — 
— than | us the maximum occurrence of record is that greater accuracy is 
ee ” The discussion | of th the use of such terms as “maximum poe 
Ih conclusion, Mr. Beard should be commended for his description of 
we duration curve & and its application to problems in hydrology. _ Although | the | 
writer does not agree with Mr. Beard’s method of locating plotting points for ay 
curve, this discrepancy is only minor significance 4 in the practical 


rithmic curves fit the rainfall records very well, and that the logarithms of the ee 
ov observations may be assumed to be normally distributed, are demonstrated in 
this is paper. In Figs.  4(b) and 4 4(d), it: appears, however, that curves developed 
Y by s some other method, as for instance either the Slade,* Foster,* or — 
method, would give even closer agreement with the rainfall records. 
Rainfall and runoff statistics for a period of ‘Tecord represent the samples 
— basing a a prediction of what may be expected. . The coefficient of variation eae 
se me and coefficient of skew of these samples represent their characteristics, although © 
; the coefficient of skew for available periods of ‘record may be | in error and = _ 


i To obtain a , straight- line logarithmic curve it is often necessary to con ny 


uz <" both the coefficient of variation and coefficient of skew, and the question arises — 


“Flood Flows,” by Allen John wae & Sons, Inc. , 1930, 


Hopes, 7M. Am. Soc. C. E- —That the straight-line loga- 4 
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a8 to whether such a change would not change the the characteristics 0 of f the sample 
so that it would fail to be truly representative. ebook 
erie, In the development of curves by the Slade, Foster, and Hazen methods, it 
a is often necessary to adjust the coefficient of skew to obtain a a curve that best — 
fits the data, but the computed coefficient of variation is a trug representative - 
5 of the sample as far as known, and should not bechanged. = 


‘shown. ‘ The coefficient of variation as computed for these data was 0.876. 
th drawing the curve for the F oster method this value of the coefficient of 


0.050.102 05 1 2 5 10 =. 30 40 50 6 70 80 90. 95 


a coefficient of variation of 0.82 must be according to the 


thus changing the characteristics of the sample. Both ‘curves appear to fit 
Alaa Rit Sein 
the data except for the lower values. 


§ probability study of floods” of the Red d River near Denison, Tex., 
anee _ shown i in Fig. 6. Flows that averaged 30,000 cu ft per sec | daily « or more re were 


a selected from the tabulation of daily discharge and the mean flood \ was 72, at os 


— 

— 
— 
— 
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oce 
occurred different seasons of the y year, the largest in 


é i May, and June. They are considered to be a homogeneous series of flood 5 a 


ee curves in Fig. . 6 were developed by the Slade. and Foster methods a 
fit the data very much closer than any straight line. = 


de In view of the f foregoing examples it appears that rainfall, runoff, and flood 
occurrences n may or may not indicate straight-line logarithmic ¢ curves, and that 
the various methods of developing curves are all valuable tools for use with 


different ‘Statistical ald be puted Tt “appears: that: 


Future Flood Frequency, in Years 


in Thousands of Cu 


rge, i 


192030 40 50 60 70 95 98 


pie “Fre. Dam Reservorr, Curves ror Maximum Froops 


ig 
W. Assoc. M. Am. Soc. C. to” 


control problems, as dit discussed by the author, the the e application of th the > principles _ ; 
of the duration curve affords a valuable aid in n estimating the average annual s 
volume of bed load transported by streams. It is often the case, 
" that estimates of bed-load transportation are required for streams for for which 
Age discharge records are not : available. A ‘flow-duration curve, ‘consequently, 
2 = cannot be constructed for the stream in question, but it may be possible, in 3 | 
some instances, that the duration curve from an | adjacent stream for which 
discharge » records are available can be used. or - example, Thorndike Saville, 
: ; M. Am, Soc. C. E., and John D. Watson, Assoc. M. Am. Soc. C. E.,?¢ found 


of the Flow-Duration Characteristics of North by Tt 
i Saville and John D. Watson, Transactions, Am. Tere, =. 1933, pp. 406-425. 
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| Uharie River 


Muddy Creek} 
W. Fork Deep| 
Little Sugar 
Eno River 


Rearon or Norte 


| 
* 


= 


_ the flow-duration curves of relatively large North Carolina streams could be 


to streams of relatively drainage where climate and topography 
are rather uniform and discharge records are expressed in daily averages (in- 
= stead of weekly averages as in the streams studied by Professors Saville and = g om rien 
iS Watson), a study was made of several small streams in the Piedmont region ade a eas 
of North Carolina in conjunction with sediment-load investigations of the Soil 


Service." The streams selected for study were of the size for 
TABLE 4.—Lecenp ror Fi portation could be determined 
|  @ither by direct measurement — 
Prepaowr Reatox or Canouina in the analysis were expressed 
@ Dial Creek shame | in mean daily rates and were 
|Uharie River Trinity 3 obtained ‘from water supply 
| East Fork, Deep ‘River High Point | cs 3 
| Muad Creek River} papers of the U. 8. Geological 
@ |HawRive | Benaje 168 drainage areas ranging from 4. 


@ | Ralston Crock Towa City, Ia.) To eliminate the size of drainage 
Mo] 282 area, the ratio of discharge to 


mean 1 discharge has been used 


@ Moowrarrovs Recions or Nortu Caroumnas the ordinate. Examination 
of these curves show remark- 
Coweta ( Creek 8 ably ¢ close agreement for the 
+8 South Fork, Mills Pink upper 40% of the time—that 

French Broad _ 67.9 is, for the higher rates o of 
Tye River Roseland, Va, charge, the various curves are 


@ Stare oF Wasmmorox almost identical. For that part 

Mi Flats Creek Pullman 
crock 27 lower rates of flow, however, 
South Fork Palouse River . aL. curves depart radically from 
pay rach other. These conditions 


low: rates of flow, the drain-— 
Ps Coon Creek <a x Coon Valley | 7.2 bey age basin characteristics, such as ay * 
@ Numerals in circles or squares denote a period of ten il ypes, egetal 
ears or more. Drainage area, in square es. ¢Allin methods, and stage of soil ero- 
‘arol t Rosela el 


ue periods when high rates of precipitation cause high runoff rates, the drainage 4 
basin characteristics affect the runoff very 


“BStudyi 
Feb 


ruary, 1940, pp. 93-06. 
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River (Fig. 7). The drainage basins of the Uharie River | and Muddy Creek 
5.0 


oa 
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Ou. - 


ites? 


2 
= 
4 
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un 
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is usually only from 0 to 3 ft. Consequently, there is little | space for sensi 4 
a water storage, and runoff is rapid and flashy in character. The low-water Sik 
ike flows are relatively small; hence, the saryaghe curves for these two ‘streams oa ra ae 


- plot relatively lower than the other stream: 


Of interest in this resp 
— 


= . aioe depth of soil is available for ground-water storage. Thus, the low- = 


ae Lh ah - water flows in these streams are relatively high and the part of the d duration eS 
4 gurves representing these flows plot higher than any of the other curves. 
a de is a fortunate condition in connection with bed-load problems that the duration ih 7% 
PS - a curves for streams in a particular region are identical for the higher rates of i 
flow, because it is during these flows that the greatest percentage of the annual if is 
volume of bed load is transported. This condition is of particular importance 
it is desired to use a duration curve in estimating the bed load a 
example, on a stream in the North Carolina Piedmont, an average 


may be used in conjunction with a suitable bed-load formula in esti-— 


ates” 


= 


Eel ois Wisconsin, Washington, and the 1 mountains of North Carolina. A close ex- 
amination of Fig. 8, however, reveals a reasonable explanation for the 


tz ‘mating volumes bed-load transportation. average curve (Fig. may 
3 in using the mean curve will be small. To apply the average flow- 
st duration curve to a , particular stream, a value for the mean discharge for the Me He =. 
stream under consideration must be estimated or assumed so that the ordinates | 
of the curve ca can be converted t to actual discharge. An aid in estimating 
mean discharge of a stream is provided by the results of past hydrologic studies 
have shown that, in general, the mean annual discharge is related to the 
q _ That this relationship is not constant for individual 
years is evident from Fig. 8, which shows mean annual runoff i in cubic feet per 
second per square mile plotted against annual precipitation in inches for vari- 
4 ous streams in the North Carolina Piedmont, as well as for streams in Iowa, 4 
id 
be 


ing of the individual points, and, with proper consideration of the v 
= =e" factors, a usable relationship bétween \ rainfall and runoff can be be determined Pay) aS 
100% of the annual precipitation appears as runoff, a single straight 


‘dine (Fig. would: describe the relationship between these variables. Be- 
Bo x cause a certain amount of rainfall is lost by evaporation and transpiration, a 
ae se however, the plotted points fall to the right of this 100% line. .. Previous i in- bie a 
vestigations have shown that curves drawn through data from mountainous 
a occupy a different position than that for curves of data from valleys. 
‘The main effect of the location of a stream appears to be in the influence of a ee 


length: of growing season on evaporation and transpiration losses. Thus, as a 


guide to the construction of curves from the data plotted in Fig. 8, a plot was <i 
_ made of the annual water loss (represented by the horizontal distance from _ ee % 

the 100% curve to the plotted point) against the average length of growing ae = 
season for the county, or counties, in which the drainage basin of the stream 

as located. (Data on the length of the growing season were obtained from the Aa a a. 


1941 ‘Yearbook of Agriculture in which a climatic summary for practically every abs | 
“The Elements of Hydrology,” by A. F. Meyer, John Wiley & Sons, Inc.,p.446. 


— eo “Results of Stream Measurement,” by F. H. Newell, Fourteenth Annual Rept., U. 8. Geological 


OSS 
£ 
h 
=z % = 


wy 7 “cou rae in the » United States is anal A straight line was then drawn through 
ih the plotted points, If it is now assumed that a certain base rainfall is re-~ 


quired to supply e1 evaporation , and transpiration losses, and that practically al 
precipitation than this appears as runoff, curves may. be con 


a _ By drawing lines through the base amounts of 20 in. and 30 in. of rainfall, : 
ae parallel to the 100% runoff curve, , the curves es shown in Fi Fig. 8 were deter- Ps 
‘mined, It is to be noted that the curve for a growing season of 100 days 
_ passes through the group of points obtained from mountainous regions and & 
s from regions in the northern latitudes of the United States. _ It may be ob- 
served further that the curve for a growing season of 200 days p passes through 
the data from streams in the Piedmont and Towa. As a first sg aercngintl 


may show that curved lines describe the relationship 
It is acknowledged that the relationship between runoff and precipitation, — 
. he os shown i in | Fig. 8, is merely a generalization that reveals class likenesses and 
- obscures the differences between the individual characteristics of runoff and 
the character and distribution of rainfall (as well as the effect of temperature, 
vegetal cover, topography, soil, and subsoil) on the disposal of rainfall. _ AL 
o " though the method of arriving at an estimated flow-duration curve for a pare 
ticular stream upon which all hydrologic data are missing may not be com- 
ea ms _ patible with the results of the more recent hydrologic research, it appears to 
He be the only simple and direct approach to provide the necessary informatio 


used i in estimating volumes of bed-load transportation. woh wot? 


‘The use of Figs. 7 and 8 in bed-load studies may be illustrated as follows gi 


Assume that an estimate is ‘desired of the average annual volume of bed load re 


pe transported i in a particular stream in the Piedmont of North Carolina. If no 
a discharge data are available on the stream, the average flow-duration curve _ 
from Fig. 7 must be used. The ordinates of ‘this curve are converted to actual 
ke discharges by | the use of Fig. 8. From the map of average annual rainfall, “a 
shown in the 1941 Yearbook of Agriculture,™ the annual rainfall for the drainage 
Be basin of the stream is determined. — From the same publication, the average ae 
length of growing season is also determined. entering the abscissa scale 
eer _ of Fig. 8 with the annual rainfall and then proceeding upward until the curve mM; : 
_-—s- Fepresenting the average length of growing season is reached (only the 100-day 
= and 200-day curves are shown), the mean annual runoff in cubic feet per second 5 
pas “4 per square mile is read from the scale of ordinates. This value of mean dis- 
i charge, amultiplied by the area of the drainage basin in square miles, gives the — 
estimated mean ‘discharge. “Multiplying each value along the ordinate scale 
Pi. of the mean duration curve (Fig. 7) by the value of the mean discharge, a Le 
4 fl flow-duration curve with ordinates expressed in cubic feet per second “now i 
available for the stream under consideration. dst 
—__- table that shows the frequency of occurrence of various discharges (dis- ; 


Ps 
— 
— 
— 
— 
— 
apes 
fae ; %"“Climate and Weather Data for the United States,” Yearbook of Agriculture, 1941, U. 8. Government 


= percentage of time that the mean race in each part prevails i is then de- ke 

termined and tabulated. The time that each discharge prevails per year 


computed. The volume of bed load that i is per unit time for each 
a o-v function of H. A. Einstein,* Assoc. M. Am. Soe. C. E.) o or by a relation- 
ship between load and discharge established by direct measurement™ on the __ 
stream under investigation. The rate of transportation per unit of time for 
= particular discharge, multiplied by the total time that the ‘discharge prevails 
per year, gives the annual volume of bed load. The sum of the amounts for 


the various discharges gives the average annual volume of sediment transported — ur 


In connection with the computations for’ the duration curves shown in in 


Fig. 7, ‘iti is of interest to not note that, for “Muddy Creek and the East and West 


poco charts as well as freee the records of mean daily discharge. The procedure of ‘ ‘aoa 
determining, directly from the recorder charts, the percentage of time thata 
S aoe particular discharge is equaled or exceeded gives the correct curve, because 
. ea _ instantaneous discharges are used instead of daily averages. A comparison — 
oe _of the curves as calculated by the two methods showed that, for a cardeddé 
stream, the curve based on instantaneous discharges was practically coincident 
with the curve based on mean daily discharges for lower rates of flow; was ms 
war eit slightly below the mean daily curve for flows in the vicinity of the average 4 
discharge; and was above the mean daily curve for the highest discharges. A 
_ The relative location of the two curves is to be expected because, during periods : 
of low flow, the instantaneous and ‘the mean daily are practically 4 
eas are considered; hence, the duration curve baad on instantaneous dis- of a 
_ charges will lie above the curve based on mean daily flows. A plot of the two . te 
curves on probability paper shows that, for all practical purposes, the curves a * 
“he can be considered to coincide. Because of the ease with which curves may be — a 
calculated from tabulations of mean curves shown in 
Rig. 7 were computed on that basis. 
_ The duration curves shown in Fig. 7 are based ‘on tecords’ which are prob- a5 
ae ably far too short to permit the development | of a curve that is typical of the _ 
North: Carolina Piedmont. _ In fact, for only a few rivers in the United States Ba 
an Sg is it possible to obtain records for a period sufficiently long to include a reason- 
: ably wide range of conditions. The author's analysis of duration curves, espe 
aa of as to their accuracy and the type of deviations that may be expected, Be: 
of particular value in connection with the applications of the duration curves — 
to bed-load studies as ‘illustrated i in this discussion. fi In such an application, — 
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“Formulas for the Transportation of Bed by H. Transactions, Soc. C. E., 
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importance, the material presented by the author is of great value. 
— 
Conference, Univ. of Iowa, Iowa City, 


ie R. Jn.” Es 

ee ‘ ae conditions that are the fundamental bases of the several mathematical theories a 
of flood-frequency curves makes mathematical refinement in the fitting of such 
curves a meaningless labor. Furthermore, flood- frequency ¢ curves find their 
ese? A Y i. most justifiable use in the solution of economic problems, such as the estimation — 

reg So ay ofa average annual damage, rather than i in the forecasting of the maximum flood — 

for design purposes. For these economic problems, the lower and better 

defined parts of the curves are usually at least as important as the extremities, 

which show the frequency of the larger floods. Extrapolation | of the upper 


Ae eae end of such a curve is certainly an unjustifiable procedure in view of the dis- Bee 
crepancy between natural conditions and the assumptions underlying the 
Since these things are 80, a curve fitted freehand to plotted points would 
to be the logical method of expressing the flood- frequency information 
sg oe contained in the usual record of flood flows; but at this point the question of oe 
‘the Plotting position of the points: arises. Currently, there seem to be two pee 
= major opinions on this subject, a and a number of minor ones, including the 


a Te put the problem simply ‘and concretely, consider a series of twenty Pots 
occurrences . It makes no ) difference whether they are maximum annual floods, ¥ ee 
twenty largest ‘floods of record, or some other similar series. These 
occurrences are assumed to represent a small sample c of an n indefinitely large a 
population. The me: ‘mean of this sample can be considered an estimate of the — 
mee mean of the population of events specified in the same way as the sample. 
Also, assume that the maximum observed event in the ‘sample affords some 
information about the largest 5% of the population. In this a value 
= to this maximum has occurred with a frequency of 5%. 


‘alee a frequency of 5%; but Mr. Foster and his followers'* point out that - 
eo is no reasonable basis for assuming that this one particular maximum ‘4 “Aes 


event in a ‘sample of twenty re represents the exact 5% frequency point. . They 
4 Pipes ha _ ¢ontend, rather, that it represents the entire class of events occurring with a ae 
frequency of 5% and less. They state that, since it represents the interval — 


to 0, a reasonable point for plotting is the ‘midpoint of this frequency 

interval, or 24%. This seems more logical than the California technique. ee 
‘Statistically, the assumption is that the one maximum occurrence observable 
ina) a series of twenty is the median value of the twenty 1 values that would com- ax: a 


ES ai pose se the upper 5% of a sample of 400, or the median value of the upper 5% of ee 


the infinite Population it is 3 taken to Tepresent. 
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values in a number of samples of twenty . This follows from 
fact that the mode, by definition, occurs most frequently, and therefore any 


U. 8. Dept. of Agriculture, Forest Service, Washington, D.C. 
Floods in the United States, Supply Paper No. 771, S. Geological Survey, 1936. 
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‘mani value chosen from @ non- -normal distribution is more likely | to be the 
_ mode than the average or the median. In any normal distribution the three _ 
‘coincide , but the distribution of the extreme values of samples drawn from a 
ae Studies of the distribution of the extreme values of ‘Samples: of n observa- — 


tions taken from an infinite normal population: have been made by L. H. 
; "Tippett, who gives tables of the distribution of the extreme values of samples = 
f Bs of several sizes from n = 3 ton =1, 000. The values of the variate are cnare 

in terms of the standard deviation of the ane population; also | given _" 


in which = the ‘mean, and = ‘the standard deviation, 


Table 5. It should be noted that they are 
expressed in terms of multiples of the standard deviation, 
a ae i “Tf these are the most likely values for the extreme observation of a single 
then the probability corresponding to this modal value is the most 
ex likely estimate of the probability (or frequency) of the extreme observation of 
the single sample 


the extreme value of a Sample.” in Table 5 (Col. 4) ting the | plotting 
positions according to Mr. Foster’ 
TABLE 5. —Monz, PROBABILITY, hypothesis. It will bes be noted that the 
Postion or EXTREME differences are not large. It would 
Vatue In SAMPLES OF seem logical for practical purposes to 
DIFFERENT ‘Sizes 9 adopt his method as giving a reason- 
able and simple approximation of the cr 
Probability bestestimate. Because of the 
position actual flood occurrences to form 


ory and practice the labor involved” 
in calculating the mode and its prob 
6 ability is unjustifiable. OF course 
5 could be used, and values” 
fs for other sizes of sample could b 
¥ Unfortunately, the problem of where to plot the next highest and succeeding 


: 2 and is beyond the mathematical abilities and patience of the writer. 


ap 


# “On the Extreme Individuals and the Range of ret Taken from a Normal Poa 
L. H. Vol. XVII, Pts. IIT and IV, p. 364. 
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ea is afforded by a study made by the writer. The frequency relation, or role ie 
of maximum annual floods is developed graphically on probability paper for ws 
estimated ietsiehation of the relation to cover very rare floods. The derived 
_telation is assumed to represent flood occurrences of the future or those that _ 
are “in store.” For purposes of the study the writer developed the highest — 
19% of these flood occurrences into terms of 100 rates of discharge selected on ak 
y e the scale of frequency so that each term erm represented a a range of of ‘equal frequency 
The practical significance of the rates of discharge so selected is that, if a 
«10 ,000-yr period is conceived as so ideal that the 10,000 maximum annual hae 
floods would plot smoothly on the foregoing curve, the » selected rates would ay 
x45 represent the 100 highest annual floods in the 10,000 years, or the 100-yr_— . 


have none of the 


4 


_ distribution, to compute the theoretical distribution of the 100-yr floods among es 


the one hundred 100-yr periods. would d be 


sting 


ot one hundred 100-yr were numbers consec 
Foe from 1 to 100 and, continuing further on n the assumption of fortuitous « oceur- 


within that range. ea In In each set the e first: thirty-six numbers were taken i 
represent the maximum floods in the respective thirty-six 100-yr periods in 
which one 100-yr flood occurred (second term, third column of the foregoing 
tabulation). The next thirty-eight were taken ‘to represent the nineteen 


‘a groups of two 100-yr floods which occurred at the rate of two floods p per = 
_ The higher of each group of two was selected and the lower discarded. = = 


Hydr. Engr., Water Py U. 8. 8. Geological Survey, A 


W. Davenport,” M. Am. Soc. C. E.—An interesting illustration 
| 
the average irequenay Of ule MUUUE TU Years, 
it is apparent that if the 10,000-yr period were considered as one hundred 4 
100-yr periods, the distribution of the 100-yr periods = 
would not be unifori. In fact, some 100-yr periods 
a ; a floods, some would have one, and some w es: — 
Assuming that rare floods occur fortuitously (it is enlightening to explore the 
cage a3 ea assumption although it may vary more or less from the fact), statistical theory oe Roy 
__ affords a means through the anvlication of the normal probab (binomis 
x 
— 
— 
_ 
a> i Spake the list was reduced to sixty-three terms which afford a basis for evaluating = _ 
— 
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DAVENPORT (ON STATISTICAL ANALYSIS” Par 


the: the sixty-three pie of the maximum floods for 100- 


ae sumed 10,000 years. This left thirty-seven 100-yr periods of the one hundred 


a in the 10,000-yr period in which the maximum floods were smallerin magnitude _ 
ae __The twenty-six sets of sixty-three flood values obtained as indicated were 
: a each arranged in order of magnitude and those of the same numerical ner 
ie were averaged to produce a master set representing, in a sense ‘quite wernt 
of course, experience of a 260,000-yr period. 
oe _ According to the reasoning on which the plotting procedure outlined eS 
Pay) Mr. Beard is based, the | probability i is 0.50 that the median of the 100 greatest 
ee floods for 100-yr periods will not be exceeded in any single 100-yr period. The © 
- Paci probability that it will not be exceeded in a given year is (0.50)"™ or 0.9931. 
Be Thus, in plotting the maximum annual floods for a given 100-yr period, the 
oe _ greatest value would be plotted at 0.9931 rather than at 0.9950 as is con- 
templated i in some other plotting procedures. orld. 
‘The flood data studied showed the followi ing ‘results (in cubic feet. 


median of 100 greatest floods for twenty-six (100-yr 


Flood of 0.9931 probability for all maximum annual floods 
r 
Flood of 0.9950 probability for all maximum 


+ 


cual 


, The close agreement of the first two of these results tends to demonstrate gi a. 


_-the soundness of Mr. Beard’s procedure. Similar close agreement between 
flood values at plotting points was s found throughout the range” 


ae tude and ‘frequency iietiee of the array of greatest floods for 100-yr periods — 
as arrived at by random selection can be derived directly from the relation - 
ae based upon the array of m maximum annual floods described in the first a ie 
One would be fortunate to have a record of floods on a stream in the United ay 
—— Btates for as many as 3 100 years. . The maximum of the record would be "oe 


‘i single ‘sample of the many greatest floods for 100-yr periods which in a me 
ee record may, 80 far as present knowledge goes, cover a rather wide range ~ 
of magnitude. In the foregoing example the median of these values i is 656,000 
cu ft per sec. The distinctive feature in the pening method presented by 
; Position as { the long-time median, 656, 000, cu ft per sec, , rather than at the mid- i 
point of the highest 1% of the maximum annual floods, for which the value in 28, cos 
P. _ the example is 680,000 cu ft per sec. _ Thus, i in this instance the average dis- Ne 
‘The distribution of the greatest floods for 100-yr periods would be ew. - 


r periods in the as- 
— 
— 
— 

— 
— 
— = 
— 
q 
— 
— 
— 
Ul 
&§ 
— 
— 
— 
— 
— 
various practical considerations inherent in the particular problem to which 
the data are applied. For ‘example, the position that would give the smallest 


average ‘deviation from the ultimate curve, signs ‘considered 
orresponding to the mean of the greatest floods for the periods. It 


| plotting position, if known, would have the disadvantage that more ‘than 


< at, one half of a large group of 100-yr maxima would plot below the ultimate 
- eurve. The plotting position corresponding to the modal value of the ekew 
distribution would seemingly be similarly indeterminate and would to 


and one half of the maxima would plot below and one half would 
i pen As suggested in the “Synopsis,” the differentiation between plotting a single 
100-yr maximum at a of occurrence 0.9950 or 0.9931 is of “small 


the "greater part of the 
_ hydrologic data available today’ ” It is of even smaller significance when on 


considers that, in so far as fortuity Tules, | the sample of the greatest flood aa 
experienced i ina 100-yr T period may vary by a large percentage re f 

time median value of such greatest floods’ = 
‘The writer believes that the principal value of the method i is 


‘mental soundness and its clarifying influence on reasoning 1g and concepts, which 3 ; 
& influence may spread much beyond the consideration of the matter that may o 


be immediately affected. The au author is to be commended for his interesting 


Epwarp J. BEDNARSKI," “Assoc. M . Au. Soc. C. E—The topic of th 


order to obtain from the records of the past an advance judgment on the ex- ss 
agp any stage in the development, of science there are the events that are 
Pe a predictable. and the events that are hot. _ This should not be lost from the sight 


_— mortality gives jefermation on life expectancy for men of every age, but there 
he - no tables ; giving information as to when any particular individual will die. 
“the theory of probability. The chances that a given person will win the Irish 
—— are die small; no one can eeey9 who ) will win; but one thing i 
This fact is predictable. Accordingly 
In connection with ‘this, the of “probable flood,” : 
ae: defined by Mr. Ruff® and quoted by the author i is very important. The flood 
poe * _ should be “so large that the chance of its being exceeded i is no greater vagal} ae 
Sar “es hazards normal to all of man’s activities.” - ‘The writer would like v 


_ The literature on the subject: shows that the persons confronted with the ; 


(| 
— 
— 
—— 
— 
| 
— 
a 


situation in this light but try to have some scientific justification for all their 4 
decisions. . The theory of probability appears to satisfy the need. 
P = ‘There is a tendency in general | to accord preference to the solution of the oe =. 


problem if the solution is the result of complicated, lengthy, and tedious 
a 

as computations—carefully, numerically checked. The mathematical theory of Re 2 
i probability x with regard to statistics offers a fertile field with its three cardinal bes a 
equations of distribution, supplemented bya host of others: supposed to be 


easier in application and to reflect better the actual trend of the natural phe- 
es nomena recorded in the past. Not so long ago a general frequency function i eas) 7 ees 
0 offered in the form of an integral expressing a duration curve applicable to’ 
ages with one or two boundaries or no boundaries. Incidentally, Professor 
Slade? calls the representation of probability by a duration curve “usual con- 
venience,” thus corroborating the author’s recommendations for its use. 
was with a sense of deep relief, therefore, that the writer found the simple 
description of a new way to compute the “plotting positions” (the term used 
by Mr. Foster®). To make the computations more automatic the Writer 
converted the reasoning into a mathematical expression as follows: 


Essentially, 6i is the same as Eq. 4; but the comparison of Eqs. 6 and 7, 
Bt in the form presented, shows strikingly the basic difference between the binomial 
- 4 law of distribution and the method of plotting positions, as as developed by Mr. cae EA 7. ch 
: 


Beard. The solution of Eq. 6 for n = 1 and for values of m consecutively 
e equal to 1, 10, 25, 50, 100, 200, 300, 500, and 1,000, results in the percentages _ eS 
ee ee. shown in Table 3 of the paper. Here is a noteworthy circumstance. | The ae | 
approximate solution of these values can be obtained from the ‘equation 


fy 


~ 


which is almost ideation! to that presented i in 1927% by William P. Creager ond 


= 


= 
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Eq. 9 determines,” ‘ “secording to the law of probabilities, the per- 
centage of future floods that will equal or exceed a given flood.” In the Foster ie 
‘paper, ‘Ea. 10 gives a plotting position® “ “on the %-of-time axis,” which i is the 
3 same. In Table 3 of the paper, the same formula, with a simple substitution 
a of the constant 4 by 4, solves the problem of determining the flood with regard a 
_ to the expected life of of the s structure. This is a startling coincidence. Table 6 
shows the values of p computed by Eqs. 6, 8 and 9. 


| 


6.00, 


it plotted on the ordinary erobe-eabtion paper, it produces a straight line; but if 
plotted on the logarithmic probability paper it resembles very much the curve 
a From the reasoning which results i in the computation « of the data in Table 1, bi ha x 
oa may conclude that it represents either a duration curve or a curve Ye 
_ medians for maximums of various degrees of magnitudes. It can be vata 
ented wer a fair aire of accuracy by an equation of a straight Mag wos ae 


which and b are functions of m. Form = 10, 9. 62 b = 2.92. 


The values computed ac according t to Eq. are given: in Table 


‘TABLE 7.—ComParison OF p COMPUTED BY Ea. n with TABLE 


bi, Similarly | the ‘ “plotting positions” for values of m other than 10 boys be 
computed. 


Bie Beard seemingly as assumes that the data of Table 1 determine the duration curve. 
= ‘The derivative of Eq. 11 representing it should produce a corresponding dis- _ 
tribution curve. The derivative is a constant. This means that the distribu- 
tion is the same for the floods of all magnitudes—quite a surprising result. 
rm ro-Electric Handbook,” by W. P. Creager and Joel D. Justin, John Wiley and Sons, Rasa en. 


d 
New "York. N. Y., 1027, Eq. 70, p. 171. BAS 
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agrees with the statement of the author “The 
Normal Duration Curve”) that duration curve will be a straight line 
as. the logarithm of variate follows ne normal probability curve” if plotted on — 
a “ae the logarithmic probability paper. This is the property of the paper; but ali 


Berry writer does not understand why the author advocates the computation of the - 


4 Boy i “plotting positions” by a method which in no way conforms with the normal © 
: ae _ probability curve, a method that must be abandoned i in favor of Ei Eq. 10, when 

a fe _ If the curve represents the ‘variations of the position of medians for the 
. floods of various degrees of magnitude, some way should be found to determine : 
maximum probable deviation in order to get the value of t the 
flood. Unfortunately, the writer was unable to discover in the paper 
ae om Mr. Beard i is to be complimented on his attempt to avoid arcana of mathe- 
ae matics in trying to find a simple way to form an advance | judgment we 
the size of the design flood in a with the expected age of the structure © 


W. Pow ELL,“ M. Am. Soc. seems very desirable that 


ee references be included in the discussion to other recent publications on this Fa 


Lew 


subject, such as those of I Prof. E.J. Gumbel® and Bradford F. and 
a type of plotting paper?” for flood frequency studies based on the former. | 


nearer. normal, and, therefore, that the lines in. Fig. 4 are 
ee. straight, the writer feels that it is better to use a ruling based on a distribution _ 
which more nearly fits the facts. As to the “ “plotting positions” 
Pe seem that those recommended by the author are not enough different from 

~ those used by Mr. Foster,** the late Allen Hazen,** M. Am. Soc. C. E., et al., 

to be worth the trouble of computing them, especially since the 
basis seems open to question. a matter of fact, plotting at the lower 
= of the band instead of the middle seems to the writer to » have m much to recom- — 


GuMBEL, 40 Esq.—Two important questions have heen raised by 


What are the adequate | statistical theories available for’ distributions 


observed i in hydrology; and, especially, which theoretical distribution must be 
Associate Prof. of Mechanics, Ohio State Univ.,Columbus,Ohion 
“The Return Period of Flood Flows,” by E. J. Gumbel, Annals of Mothematical Statistics, 
pp. 163-190; ‘Probabilit -Interpretation of the Observed Return- Periods of Floods,” 
Gumbel, Transactions, Am. Geophysical Union, 1941, pp. 836-850; and ‘Statistical ‘for 
“Limited Type of Primary Probability Distribution Applied to pas Maximum Flood Flows,’ 
by Bradford F. Kimball, Annals of Mathematical Statistics, va XIII (1942), pp. 318-325. cod Flows,” 
“A Simple Method of Estimating Flood Frequency,” by Ralph W. Powell, Civil 
Am. Soc. C. E., Vol. 99° (1934), p. 1817, : re 
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How should the observed frequencies be corrected to account for ‘the 


tas ‘The writer wishes ¢ to show first that the solutions proposed by Mr. ee 


Py 


of this proof he proposes a ‘general method for obtaining the corrections. The 


_ ciple, such data are statistical observations. The difference trom other sta- 

= observations is a a function that the 
statistical methods cannot alw: ays be applied. 6k 

Certain hydrological distributions are subject to the normal 
slaw. In some cases, this will hold only for transformed variables. Mr. ae a 
- Beard has | given an example of a logarithmically transform med normal dis- _ 


. It is a question of definition whether this still can be called 
distribution.” Other ‘distributions may be exponential, or of the 
- Pearson type. Mr. Beard’s contention that only the normal law is a true s 


aw A 


probability law is net valid since it denies the entire progress of statistics during | Ee. 


many streams have shown that the = 
a — of the flood discharges is skew. The distribution rises quickly to a 
Pa ~ ‘maximum—the most probable annual flood discharge, the mode—and reduces 
The cumulative frequency converges more slowly toward unity than is 


case with the normal curve. wdiiah «ff bish 
_ To obtain the theoretic al distribution of the flood discharges, one must a 


dowiy, The: mean annual flood discharge is found to be larger than. 4 


te 
Dosis theoretical distribution is obtained as follows: Let W(z) the 
probability: of a value e equal to, or less than, let w(z) = - W’ be the edensity 
— probability (herein termed “distribution”). 4 Then the. probability that N a 
observations will be equal to, or smaller than, zis [W(z)]}*. This is the 
ability that z will be the largest’ among N. observations. Therefore, for an 
distribution w(z) the distribution (2) of the value is. “bio 


The largest v: value is a statistical variable with of its own, which, 
Be or in general, is different from the initial distribution, from which the largest — Bees. 


are were taken. If the initial distribution is known, it is ‘possible to cal- es 


| 
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bservations. al ion to the quest for 
representing There is no general’ solution to the 
— 
— 
4 
= 
= 
4 herein termed “loo ; lected. repeated 
daily discharges he N observations is sele — 
eral the largest among No — 
4 
— 
Tiny tt“! for the normal distribution and for sm a 
done by L. H. C. Tippe f Samples Taken from a Normal 


To obtain the limiting distribution of the is 
‘a a: large numbers of observations N, the variable z in the initial distribution w(z) 


is assumed to be unlimited. | _ This outs for the normal law, and for most me San 


first, ¢ this idea of unlimited sounds paradoxical. For the prac- 


tical: purpose of reproducing the observations, the distinction between limited mite 


variables is accepted and the assumption is made that the distribution of the aa 


daily discharges belongs to this type, there i is no such thing as a maximum — 
wall Different authors have shown, by different methods, that the probability 


(Wer converges for initial distributions of an unlimited variable subject — 


— also is unlimited. — From the very moment that the idea of unlimited _ 


d — depend upon the initial distribution and 


the number N. Both have the dimension will be interpreted 


cea subsequently as a mean value and as a measure of dispersion, respectively. _ 
_ For the normal curve, the probability of a value less than three times the __ 


ae standard deviation is 0.99865, whereas W*(x) reaches this value only for five ~ 
—— the standard deviation. The distribution ‘w*(z) of the largest value, 


= 0, that 


mean value of the reduced variable is = 0.57722. 


Pa oe" we If the two parameters are estimated from the observed distribution of the + 
Bb Bs largest value, Eq. 15 may be used even when the initial distribution w(z) i is 


unknown. The parameter u is the most probable largest value for N observa- 2 
tions. . If Eq. 15 is applied to | the flood flow, u is the ‘most — annual ee iy 
flood. It may ; be estimated through the relation = 


in which @ stands for the mean annual flood. The value: @, the ‘ ‘mean devia- am 
ree _ tion,” is the mes mean of the absolute deviations calculated from the mean annual ‘ 
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"The other has been shown® to 


n 


Another or = is obtained by | introducing the “return period. 


treating flood discharges, the return ‘period is counted i in : years, and we) 


is placed by W*(z). Combining Eqs. 13 and 14 with Eq. 17, the return — 
period of a flood, equal to, or larger than, z, is found to converge for er 


a a Eq. 18 holds with suffivient a accuracy for observations of twenty years io is more. 


a of the return period is ‘a linear function c of flood 
ischarge. The parameter is the slope of this straight line. Furthermore, 
rom Eq. 18, if the return period is ‘multiplied by é, the most probable floo Se 


The ‘of f largest well the observations taken from 
the Columbia, Tennessee, Mississippi, Cumberland, Connecticut, Rhine, and 


Rhéne rivers. 42, 43,44 answering the first question raised by the paper, 


at 
this ‘theory should be chosen for the “observed distribution of the flood 


Corrections: of the Observed Frequencies.— —The second question is: Which 


‘ corrected frequency 2 and return period shall be attributed to the mth value for 
Biss = an arbitrary number of observations n, and especially to the mth flood 

Let x, be observations ar arranged i in.increasing order of 
magnitude. _ The index m is the serial number. To the mth observation Timp 


the observed frequency — is attributed; but it is oquahy legitimate to arrange aie 

the observations in a decreasing order of The mth observation 
_ increasing is the (n — m + 1)th observation n decreaging. _ The observ 
ag is which co corresponds to an observed fr q 


Union, 1942, p. 489. EM 
Interpretation of the Retura-Periods | of Floods,” 


— 
ns recorded in time, the theoreti — 
| equal to, 
‘| 
+ 
— 
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| 
on 
— 
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Just as there are two ways o 
. 


the or relative number of observations smaller than, or larger 

tha, a certain value. g3 Int the first case, the curve starts with 0 and ends if dy cs 
with 100%—the total number of observations. (Fig. 2 ends with ia 
whereas Mr. Beard states correctly that it should end with 100%.) In the aT 
"second case, the frequency curve starts with 100%, and ¢ ends with 


a), 


observed return periods, roberts the so-called exceedance intervals 


which may nlotted on paper for 3S mS 
=. For small serial numbers, the differences between the two ways ¢ of ae 


are small as the return periods then are approximately al sod at pal 
‘in which W is nearly zero and T nearly unity; but, Yor serial 


ag especially | for the extreme values, the differences between the two > ways of 


plotting are large. For the penultimate value the two observed return periods 


f 


are n and =, respectively. id 
oe solve this dilemma Mr. Beard assumes s that the observed mth veuet is 


the ‘median of all mth values. 


“4 


ome happens -1 times in an He advocates the same 
to the mth value, decreasing and i increasing, independent of whether the dis- 

tribution is symmetrical or not. Beard calculates the corrections fo for ten 


ud 


type. has no logical basis; ad, moreover, is 


Mr. Beard seems to have recognized the second drawback. he 


be ‘for | i=m= n-l The return period of the (n — m 1th 


observation (which i is the mth observation, decreasing) isthen 


“ “Flood Allen Hazen, John Wiley Sons, Inc., New York, 
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It doubt ul er Eq. 22b can ‘be used for the last this case, 


to ‘the largest among n observations. In reality, only n observations are aie 

ith, and no statistical device can increase the number of observations as ae 


beyond n. Besides, it does not seem safe to ) attribute a a return period n to 


event which already has happened within n years. 
a to Eq. on the return period of the mth value (decreasing) for n ae 

ets is equal to the: return period of the (m + 1)th value for n =——— 


observations. — This ‘elation i is by no means satisfactory; common sense leads — 
j another, simpler idea. 


The correction must dectease with the number of observations 
should be stated in such a way that the correction can be cal- 

culated as a function of m and n. Bibs at 


ih 
ae For symmetrical distributions the corrections for two observations bpp 


symmetrical about the mean must have symmetrical properties. As j 


will not hold for an asymmetrical distribution, the corrections ‘must coal 


¢ consi erec 

4)  Forn eheervitioha, the mth value i ) increasing is such that there are m — 1 


values before the 1 mth value and n—m values after the mth value. These 


probabilities are, respectively, and [1 The mth 

value has the density of probability w(z). Finally, the number of 

: be taken Therefore, the distribution U_(m, 2) 

mth ‘lin by logarithmic differentiation is 

1 = 1) Wee) = =- — .(24) 


= 


The probability W(xm) of the most probable value is a function of m,n 
and the initial distribution w(z) Iti is reasonable to assume that the observed 
mth value’ is ho moat Then one to the e observed 


— 
| 
4 
| 
— 
— 
i. 
Shou € equal to the return period of the penultimate value lor 
| 
— 
ribution 
__ and n and w(z). The mth observation is assumed as a mean value x. oe oe 
: 


a which i is the probability of of the most probable m mth value e. Fier 24 4 may hon write 


oF 


n period T: = T(xn) of the 


for selected values of the corrected frequency Ww. feos serial number m as a es 
os os function of W obtained through Eqs. 28 will not be an integer. The corrected — a a 
W corresponding to integer: numbers m are obtained by linear 
interpolations. nis large, this tedious work may be avoided. correc- 


tion A as a function of is slightly different from A considered as function 


ant iid the frequency W Neglecting this difference, the calculated values of >: 


are attributed to — instead of W; and, for g given values of m, the corrected ay a 
By this procedure, Eq. 24 gives: the corrected frequency for any number 
ae observations, any serial number, ‘and any | initial distribution. This se settles aes 
theauthor’ssecond question, $= 
obtain the correction for distributions, a reduced variable 
in which 2 stands | for ‘the arithnietic mean and o for 


For symmetrical distributions, the corrections her the same 


=@ Exp (a 
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GUMBBL ON STATISTICAL AMALIE 


uniform distribution, in which 4 off 9 adi 


ug if 


2 = 7 8 


ENCIE: 
The differences ™ = a WwW of the observed frequency — and the corrected fre- 


eee quency ¥ Ww are plotted i in Fig. of for different d distributions and ‘qvtene observa 


tions. According to Hazen, the difference is equal to — gee t of m. 


— Thei irregularities i in Mr. Beard’s curve are probably due to the fact that he 
ee did not calculate a sufficient number of decimals. The two straight lines for 
the uniform and exponential distributions are obtained from Eqs. 32 and 33 
es ‘Fig. 9 shows that, for small numbers of observations, the correction eamde: 
Be oh strongly upon the distribution. The construction of a general correction does 
not make sense for a small number of observations. 1 at 


Application to the Flood Flow-—The remaining step is to determine the best 
plotting points for the flood discharges, and to decide which compromise | 
: aig? any) should be made between the recurrence and the exceedance intervals. 
For this purpose, the theory of the largest value, Eq. 13, is The 


s 


y 


2 


ability (E 


an 


This relation does not hold for small and intaienediate floods; but the 


ngineer is mainly concerned with the largest floods. - Then the simplest | pro- ae ye 
cedure is to make no compromise at all between exceedance and recurrence > bee az 

Bi, % periods and to plot only the recurrence intervals. According to this method, 
‘ B=: return period of the most probable largest flood for n years is also the re- 


The following example demonstrates that the theory of the largest value = 
ee holds for the flood discharges and that the best plotting points for the largest Be 


gk - discharges are the recurrence intervals. For the first purpose, it is sufficient a 
generally to plot the recurrence intervals. For plotting, the probability paper | 
described by R. W. Powell*’ is used. The flood discharges are the ordinates. 
i The abscissa is the reduced variable y; but, in addition to y, the frequencies — ne 
_ W*, given by Eq. 13, are written on the lower scale and the return periods T a } 
ag on the upper scale. The discharges corresponding toy= 0 and 4 = 0.577 
the most probable and the mean annual floods, respectively ; but these 


theoretical values need not occur r among the observed discharges. _ The 


sible positions of these discharges are shown ae broken lines in Fig. 10. sis 


and the slope of the straight line. The two constants may be calculated 


Eqs. 16 or obtained from the graph bes add 
methods may be applied to the flood of the | 
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r i le. For large values = a3 
discharges, the meth ood discharges, the prob 
wariable y, which corres 
— 
a iable. According to Eq. 32, the 
: ial variable. Accordin; recurrence «| 
which is the probability of an Seed an the recurrence 
periods for the larg criod of the largest flood observed 
20). The corrected return p Itimate flood i 
20). eriod of the penultimate flood is 
is n; the corrected return period of the penultima’ 
within n years is n; the corrected return period of 
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Fie. 10.—Fioop Discuarczs, Missrssrprt River at Miss., 1890-1939 
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tion. 


Be ott To see the influence of Foster’ 8 correction one may plot the same observa- gunk. 
A 700 to each fr frequency. equency. The between the re recurrence 
intervals ‘and Mr. Foster’s values are negligible for small and intermediate ; 
. The differences become Serious fc for the largest floods. If 
lines are drawn through the two curves so that they may be used to forecast 
- PS future floods, the extrapolation from the Foster curve leads to expected floods, 
which are ‘smaller than most probable floods. 
method a advocated by Mr. Beard does not to be safe, Abie 
To summarize: The correction of the observed is for ; 
_ all observations if their number is small and, only for the largest observations, — ee 
if the number of of observations i is large. A general correction, which holds for 
4 all distributions and ior any number of observations, does not exist. To 


as hy obtain the corrected frequencies, the theoretical distribution corresponding to Bs 


the observations must be known. 4 Assuming that the | corrected frequency of 


the mth observation is the probability of the most. probable. mth value, 
corrected frequencies and return periods for any distribution and for 


. number of observations are obtained from Eqs. . 26 and 27. The corrections 4 


It is safe to assume that the theory of the largest value (and not the normal — 4 
Bs distribution) holds for the flood discharges. The return periods of the most 


ree 


L. R. Bearp,“ Jun. Am. Soc. C. E —In order that the . observations used te 


r 


(1) * the conditions that regulate the appearance of. any 
must be the same for every series, and also for — observation in the She, 


: This as stated by Mr. Hall, “should be inderpreted with care. Tf 
a BS there were absolutely no changes in any condition, every observation or oocur-— 


Tence would be equal in magnitude. a strict interpretation, of course, 
va would be erroneous. © Therefore, to state that soil and meteorological conditions ca 


and other such epanitions which are governed by the laws of send should be eer 


However, changes such as those incurred by the man are not chance 


SS. es occurrences. . In general they are conditions which will prevail to a greater or a 
rr  desser degree during the coming years and which did not prevail | with equal ee 
me’. ae influence during the period « rences. The influence of such 


3 oe - conditions should be estimated carefully. It appears best, in general, to adjust — 
the observations of record to conform with expected conditions i in the future 


then to use the adjusted values in the construction of a duration curve. 


So Bil this connection, it should be noted that the variation of the accuracy eae 
with which observations are made i is not to the variation of the con- ; 
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BEARD ON STATISTICAL 


a oe The effect of cyclic changes, as mentioned by Mr. Hall, should be con-— 
Although evidence of precipitation or flood cycles other. than: the 
es annual cycle i is not conclusive, if, in a person’s judgment, a cycle does exist or 

is assumed to exist, it should be given full consideration wherever this is possible. 
The problem of adjusting for the effect of cycles is involved and requires much 
study but must be solved w hether the duration-curve type of analysis or some i 


on (2) “In some flood records of 30 to 50 years length, there has been 


\dnaaded a@ maximum so greatly in excess of the frequency array that its YP 
occurrence could not possibly be predicted ws mathematical 


"pected since t there i is a certain probability, of this happening on any stream or In ag ces 
a group of a hundred streams, each removed from the others, it would be ex. 
pected that each year one of the streams would obtain an occurrence in excess _ e 
- of its 100-yr value; and that, in each ten years, one of the streams would obtain e: 
¢ ¢ an occurrence in excess of its 1 ,000-yr value, etc. (In the usual sense, the 100-yr _ 
a value is read at 1% of occurrence and is eS on the average once in 100 
years.) Such occurrences cannot be predicted for the lifetime of a structure 
of rainfall a and ‘ground conditions, because, i in general, ground 


tions are as much a matter of chance as are meteorological conditions, = 
a Mr. Hall shows that the chances of failure to obtain the once-in-a-hundred 


E the once-in-ten event i in a series of 10 trials. - This i is true and explains ging 

_ values for plotting positions in Table 1. In essence, these values indicate that — 

_ @ finite number of occurrences, arbitrarily s selected from a series | consisting of 

vag an infinite number of occurrences which vary ‘throughout a a large r range of magni- ie 
tude, does not follow the distribution curve of the infinite series. _ As the finite sae 
number approaches infinity, the distribution curve approaches that of the 
infinite « series. Since the normal distribution is a function of the number ¢ 

~~ “eh (3) “* * * in any given series, it is justified to assume that each 3 

is representative of the period and can be considered the median 


forl/nth of the period” 

(4): * * the selection of the maximum occurrence of each calendar 

___- year obviously does not afford the best use of the available data” 


 “* * * itis usual to find wet sade with two, or even three, occurrences that 


— 
— 
We 
— 
— 
| It should be understood that the purpose of a duration curve is not to predict an 
occurrence, but rather to compute the probability that a particular number 
io a ies occurrences will fall within a given range of magnitude. It would be surprising oa 
Ny 
— 
— 
— 
- 
— 
— 
— 
— 
— 
— 
— 
— 
— 
ae 


The virtue of the of maximum occurrence of each year is is that 

effect of the annual cycle is eliminated thereby. The fact that the 
curve is not skew may justify the discarding of large occurrences, 
especially when the curve must be extrapolated. 


es (5) “Many rigid mathematical treatments are possible based on assump- 


a which appear to fit cheutved distributions. The distribution derived by Co’ 
applies surprisingly well when the data are properly s selected. series (men-— 
ae tioned by Mr. Hall) ' which contains a great number of occurrences of zero magni- pre 
tude is not a properly selected series because, if the magnitude is zero, the 
occurrence does not exist. duration curve should be constructed of 
occurrences of finite “magnitude, ar nd proper ‘account should be taken of the 
proportion of time during which there are no occurrences. 


x 

probability. ‘methods: to determine rainfall, combined with 

‘pational’ methods for flood | runoff or a unit hydrograph 


has presented insurmountable difficulties many The various 
- factors such as the selection’ of rainfall patterns, snow and snowfall data, ground — Se 
conditions, infiltration r rates, channel storage, reservoir storage, « operations, 
* ogi , are sources of errors which, when combined properly, very often form © 


lange total errors. It is very difficult to select the worst possible runoff condi- 


Aa: porte that will obtain a 100-yr flood from a 100-yr storm. — Perhaps the future _ 
will bring more accurate methods, but at present the duration curve of runoff, _ 
combined with methods of comparing runoff characteristics, appears to ‘the: 


oa to be relatively a accurate and entirely satisfactory where sufficient ru oe 


} 


a edhe to be the inedian’ of the largest | occurrences of all of the 10-yr 


7) the largest occurrence in a 10-yr period should be as 


“0a the median of the 10 largest occurrences of a 100-yr record, or the median _ 


tan i 


_ be larger or smaller than the median of the ten maximum occurrences of eo . 
 10-yr records and therefore probably (according to Mr. Foster’s demonstration) 
will be smaller than the ‘median: of the ten largest occurrences of a S 


a record. It is erroneous to assume, therefore, will equal that median. 


Mr. Foster states that it is true itll at 


ebay (8) “* * * that ‘the | probability that the maximum occurrence of a set" x 
- chosen at random will exceed the median of the maximum occurrences fe 
all the sets is 50%.’ The probability that the said maximum occurrence 
will be less than the median is also 50%. However, the probability that 
‘none of the ten occurrences chosen at random will exceed. the median of A. 
the maximum occurrences of all the sets’ is not (50% a8 stated by the 
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be less: than a given value i is the probability none of t the t ten 
rer 
rence is ~ate then all of the occurrences must be less. oT he second and third 

Sentences in in quotation (8) appear to be Foster sub- 


of ten, or none of ten occurrences of a series, must mans the median of ae. 
- maximum occurrences of many series. This is not true, since any other one 
f the ten occurrences also may exceed the median, Most of the possibilities — 


The fact that many unsymmetrical distributions do occur in nature eee 
be denied. _ When there are fe factors other than chance involved, the series | will 
generally obtain some degree of skewness. _ However, it is the writer’s belief 
that the skew distribution has been the rule rather than the exception in 
_ hydrologic data, because proper methods of selecting and plotting data hay 
not been adhered to and because care has not been aken to avoid the types es 0 
series which are affected by factors other than chance. 
_ Mr. Hodges has presented examples of curves whereby various methods of 
- save fitting could be compared. The series which could be expected to be 
‘normal (Fig. 5) is fitted reasonably well by both the Foster and Hazen (normal 
_ distribution) methods. The series (Fig. 6) consisting of values above a base ae 
a amount could not be » expected to be normal, and therefore i is fitted best by one 

of the methods illustrated in Fig. ‘6, -Pechape if the ‘complete series were 
= plotted, the curve would be more nearly astraight line e 
‘Tt cannot be denied that the various series presented by the writer 

‘Fig. 4 could be fitted better by some curve more adaptable than the normal dis- , 
tribution curve. Of course, it is possible to fit a curve through all of the 
The question is: ‘Which curve is more truly representative of the 

actual distribution | sought?” _ Is it better to make the assumption that the 
curve should have a normal distribution or simply to assume that the curve is 
smooth and has no abrupt change in curvature? 
‘of ‘Since writing this paper, the writer has plotted about 120 duration | curves — 
; from data published i in Water Supply Paper No. 771, each curve ‘representing 
a period of stream-flow record between 24 and 96 yearslong. It wasinteresting 
to note that most of the curves showed a tendency to curve downward at either . ae 
end. Howe ever, a large) minority of them showed the opposite tendency. few 


= 


4 


better to axeume that each stream has its own characteristic distribution 


whieh i is not necessarily similar to the remainder or to assume that the distribu- . 


tion should be normal and that deviations from normal occur as a matter of ws) 


school of thought proposes that the probability of throwing “hea ds” ; 


great number of throws, because the penny is perfectly symmetrical. This 
| truth cannot be discounted, but it is pertinent to ask: “How many throws are 
required to establish the empirical probability more accurately than the 
: = assumed probability?” If, in ten throws, six were heads, would the probability 


of 0.6 for a head be a better estimate than 0. 5? Similarly if a 
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gecord for stream exists, would it be better to assume a normal distribution, 
¥ + 4 as has been approximated by almost all long-period stream records, or to rely _ 


entirely on the one record and allow the points to: determine the curve? cord 7 


Mvuws 


Mr. Blythe w would discard d curve-fitting refinements because of the hatte 2% 
16 (9) discrepancy between natural conditions and the 


‘However, the hes inet! ‘witnessed evidence that such discrepancies 
4 large enough to make attempts at curve fitting futile. To discard the logical 


tool without evidence of its futility appears to the w riter to be less justifiable 


than to use it even though 1 that use may involve a small amount of “meaningless a Lae 


oN labor.” tt In addition to the. asserted advantage of better definition, a straigh See 


slope. condition permits easier comparison and correlation among curves. 

ue Mr. Blythe discusses the use of a mode in preference to a median and a 
y 


(10) “* * * the mode, by definition, occurs most frequently, and there- 
any single value chosen from a non-normal is more likely 


to be the mode than the average or the median.” 


‘Sa 4 though the mode occurs more frequently, its chance of piaiabiies in the types 
of series which are being discussed is infinitesimal (if not zero), and the ad- 
ae vantage of using the mode rather than the mean or median, by Mr. Bly ythe’s A sf 
2 oy reasoning, is practically zero. When the possible number of magnitudes is ee 
etc infinite, one must deal with a range of magnitudes rather than with a single 
“magnitude. For this reason, the median can be put to a great number of uses 
pi - mathematically, w hereas the mean and mode are functions of the distribution, 
which is unknown until the points are plotted. 


al > aa The writer was interested in the study « described by Mr. Davenport, ‘whose 


oq 


resourcefulness in developing a. sound procedure for testing a method, which 
as apparently highly debatable on a theoretical basis, is to be admired. To — i: ae 

that the result is in substantial agreement with the theory discussed in 

Mr. Bednarski is interested in the derivation of a maximum probable flood, © iar 
and would like to see a determination of a maximum Probable deviation for a nee oe 
a: ‘The first definition of ‘ “probable” given by Webster’s Unabridged Dictionary 

gens 


= 


is: “Having more evidence for than against; supported by evidence strong pti a 
enough to establish presumption, but not proof, of its truth.” These two 
clauses differ. obviously, and the three other definitions which follow indicate 
that many different interpretations can be made of the phrase, “maximum 
“i _ probable.” If the simple definition of “having a probability of being exceeded Nex. A 
‘greater than 50%” i is adhered to, then the maximum probable flood would be 
ee defined by stipulating a period of design. 2g This i is not what is generally y con Cae 


} 
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When maximum probable is meant to be ‘ “estimated maximum possible,” it 
should be designated as “maximum since all computed quantities are 
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es esti mated. When “maximum probable” means “considerably that 
50% probability of being exceeded but smaller than maximum 
possible,” then the meaning is not defined mathematically. To define such 
mathematically, the percentage probability may ‘be stipulated, as 
suggested in this paper. Such a percentage may vary, depending on the type 
design contemplated, and, therefore, could not be stipulated here. 
Professor Gumbel has scleted two points on which the paper, as presented, 
differed most with common practice—the of plotting positionsand 
selection | of a normal distribution law. In discussing the latter, he has 
Bg, oe presented a method which, he states, should be chosen for the observed distribu- 
an tion of flood discharges. As near as the writer can determine, this method is _ ats. 
_ justified in the sentence which contains Eqs. 13 and 14.” The theory ‘appears ae 
Wey ae to be purely empirical, but the results seem satisfactory from an engineering _ ae 
standpoint. However, this does not in itself exclude the possibility’ that the 
Gaussian distribution i is applicable. to 


San ‘Since it is not the burden of the writer to justify the theoretical soundness Fe 
i the Gaussian law and its applicability in innumerable cases (these ees 


abel 


(a) MISSISSIPPI RIVER — 
AT VICKSBURG, MISS, — 


wis 


sb: 


AT NASHVILLE, TENN. 4 


‘a Fig. were obtained from the longest record of flood flows published i in 
Supply 771, and the data of Fig. 11(0) re e those presented by 


A 
— 
a 
to deny the entire progress of statisties Curing the pass thr 


hada more to offer in this instance than do modern schools. Such general ee es 
"statements as “In reality, numerous observations on. many 
streams have shown that the distribution of the flood discharges is skew’ 

unfortunately destroyed | the general faith i in this application of the classic 


In connection with the computation of plotting positions, Professor Gumbel’s 


statement that the system advocated by the writer is impracticable has no 


4 are derived by the » accepted laws of probebility from the only plausible basic se 3 
ee assumption. Therefore, the system is not an invention of the writer but is age ee 
rather a solution of a mathematical equation. The fact that the solution be- a = 
_ comes laborious has no more bearing on its validity than does the fact that + is Pass me 
not an integer prove that it is incorrect. In recognizing the impracticability 
_of computing plotting positions accurately, the writer has suggested an approxi- — ns 2% ; 

mate method which is entirely satisfactory for all purposes. This approximate 
method is not a compromise between the recurrence-interval and exceedence- 
methods, as stated by Professor Gumbel. His further statement that 

: _ the corrections i in plotting positions now used should depend upon the distribu- = 


_ tion curve is in error since the s election of a finite number i occurrences from 


completely. from the curves published by Professor Gumbel, 
the method appears to be justified from an engineering standpoint. The 1€ pro- 
by the writer, shown in Fig. 11, also i is ‘justified from an 
ae engineering standpoint and has sad additional advantages of simplicity and OEE 
The preceding discussions of this ma have been of great assistance to oa 
writer in clarifying some of the important points of the paper. The contribu. 
of those who have presented discussions are sincerely appreciated. 
writer purposely has avoided discussion of the merits and demerits 
the various us “methods” « of statistical analysis now employed i in hydrology, as 
such discussions have been published many times. Rather it was intended to a a 
eke explain the basic logic of the duration-curve type of analysis and to call atten- ‘aes 


es Lane tion to a few essential respects in in which the mathematical theory of the duration ce “ 
a ae _ It is believed that, in recent years, the theory of the duration curve hes me. 
developed so sufficiently that its unqualified, but proper application, can 
B se be justified from an engineering standpoint. Many alternative methods used 


ee in hydrologic design, such as the application of enveloping curves and trans 
storms, do not have mathematical significance. arbitrary designs 
are ‘not justified from an standpoint if the desired magnitude of 
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BUCKLING LOADS 


By NEWMARK,' Assoc. M. AM. Soc. 
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ee —f and columns is described herein. _ The method is of particular applicability “3 
_ determining critical buckling lo loads and configurations of bars of f variable « cross 
‘ py section loaded i in various ways. For such problems the procedure becomes one B 


: up of segments that are lines or arcs of 
ae more arbitrary divisions in the length of a bar one obtains more accurate _ 


‘results in the general case. _ For most practical problems no more than five e or ee 
‘six segments are necessary. 
The procedure may be applied to other problems 1 which depend on the sam 4 
ae general principles.. In mathematical terms, the procedure may be applied to pis 
ik the process of numerical integration of certain types of differential equations, 
2a in some cases directly, _ and in other cases by -& sequence of of successive 


“ay The essential features of the procedure . are ‘not new ee writer’s first 


|| 
— 
Mavions. 
ili ry little increase in numerical work, ature hitherto 
is procedure than by others of similar nature hither 
Th merical procedure is approximate 
f lectures in graduate courses at the University of Illinois, Urbana, IIl., 


Hardy Cross and H. M. Westergaard, Members, Am. Soe. C.E. 

procedures have been discussed previously ‘in engineering literature; “for 

the application of similar graphical and analytical procedures to 


buckling of has been made by L. -Vianello,? Engesser, and others‘; 


ad 


has been indicated by J A. Stodola. all Methods of obtaining increased accuracy 

_ with a numerical procedure have been suggested by A. 8. Niles,’ Assoc. M. real 

Soc. C. E., and R. V. Southwell, *.* among others. The procedure suggested by 

vag’ Professor Southwell i is in some respects similar to that described herein. How- — 

ever, the generalization of the procedure, the manner of application to ithe 
problems, the treatment of functions with cusps OF discontinuities, the 
oe procedure for continuous functions with continuous derivatives, and the method nen 

2 of computing shears, slopes, or first derivatives, are essentially new, are more — 


or more accurate than previous to the writer’s knowledge x 


Part I— OMPUTATION OF MOMENTS IN | BRAMS 


Introductory —The of the values: of af unction of a single variable, 
e a. when t the magnitude | of the second derivative of the function i is known, is ae 
“as fundamental part of a group of physical problems, examples of which are the ie 
2 1 _ determination of the deflection of a string, or of a beam, and the computation 
fe of moments in a beam due to given loads. _ Analogies may be drawn between 
these and similar problems, since generally they may all be solved by the — 


7 


‘The method of computation described herein i is a numerical procedure per 

_ mitting as accurate a determination as is desired of the values of a function aa 
for ‘specific values of the variable. _ The: method is described in terms of calou- 
YS lation of moments in a beam for a given system of loads, but the application — 


‘Treatment of Concentrated Loads—A fundamental part of the ‘procedure 
depends on the rapid and systematic calculation of shears and moments in a a ‘ayh 
beam subjected to a series of concentrated loads. Essentially, the process is 
to compute the shears from one end of the beam to the other by adding or rsub- 4 


_  #“Graphische Untersuchung der Knickfestigkeit gerader Stabe,” | by L. Vianello, Zeitschrift des Vereine 
ngenieure, Vol. 42, 1898, pp. 1436-1443. raha 


~ “Uber die Raicktentignals von Bas yore verinderlichen ‘Tragheitsmomentes,” by F. Eng Zeit 
- des Ssterreichischen Ingenieur- und architektenvereins, Vol. 61, 1909, pp. 544-548. 


644A 1 of some of these methods is given in mn “Theory of of Elastic ¢ Stability,” ” by 8. ‘Timoshenko, 
New York, N. Y., 1936, pp. 84-88 and 131-133. 
« 


* “Steam Turbines,” by A. Stodola and L. C. Loowenstsin, 24 Revised Bd, Ne New York, N. T. 1906, 

: * See also, for example, “Mechanical Vibrations,” by J. P. Den Hartog, New York, N. Y., 1934, pp. 

ied to 
id and R. 


“Appl to a ‘Spar 
with End Thrust or by 
and = emoranda No. Aeronautical Research Committee, 1937. 
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to compute the moments by adding or sul 
multiplied | by the length of beam | “over which 


ee Ber is not difficult, and the modification of the procedure described | herein, 


To avoid confusion, a definite sign convention will be adopted i in the wor 
follows. “Moments will be considered positive when producing-com- 
fe pression in ‘the upper fibers of the Beam. Shears will be considered ‘positive 
_ when the resultant force to the left of a section is upward. Loads will be con- < 
sidered | positive when the load acts upward. The latter convention is chosen 
ite Rie as to permit successive calculation of shears or moments always by adding, ‘ 
respectively, loads or shears, from left to ‘Tight, and by subtracting the prope ‘ 
‘When the shear or moment at any point i is known the calculation can always 
be: started from that point, but when only the moments at two points are 
known, the calculation of shears cannot be performed directly. However, a 


linear moment diagram, which corresponds to a constant shear, and therefore | 


te distance between loads until the end of the computations. = That is, one can chs 
consider the loads as numerical quantities all multiplied by + @ common factor. 
_ The shears will be obtained from the loads, and will contain the same common Sei 
ional Then the moments will be computed as numerical quantities all | 
s multiplied by a ‘common factor, which is the factor for the loads multiplied 


_ The calculations are illustrated by the group of problems shown in Fig. 1. Ae 
< “the units in which the loads are measured and the length of the panels are 
omitted purposely: These m may have any values. The beam is divided into six 
equal segments, and the loads are shown in Fig. 1(a). _ The loading is the same 
re = 3 for ' the different problems, but t the manner of ‘Support ! and the method of per- 
forming the. computations vary in the problems. In Fig. 1(b) the beam 
cantilevered from the right end. Therefore at the left end the shear is zero 
a and the moment is zero. In Figs. 1(c), 1(d), and 1(e) the beam is simply sup- oF 
ported. In Fig. 1(c) are given linear correction moments which may be added — ‘ee q 
to the moments in Fig. 1(b) to satisfy conditions of simple support; that 
sero moment at the two ends of the beam. The same result is obtained a 2S 


“Rig. 1@), starting with loads but choosing the 80 as to obtain the 


the left end, merely as a guess. Then a proper correction to the m moments i is 
written in. The details of the calculations 2 are self-explanatory. 


a 


 traeting the successive shears, 4q 
| the shear acts. The latter step 1s simpler | evwee 
— 
— 
— 
3 
— 
— 
to no load, can always be added to the moments computed from some arbitrary 
shear chosen to start the calculations. Therefore, one may obtain the desired | 
gonditions relatively simply by merely adding a straight-line moment diagram 
— 
— 
: 
— 
e can choose equiva ent concentra Toads that produce the same 


"shears and moments at certain specified the alld 
_ handle the problem with the aforementioned single procedure. In so far as — 
_ statics is concerned, the beam with the distributed load applied directly is 
: equivalent to a system of simply supported stringers resting on the beam, and 
_ transmitting the distributed load to the beam as a series of concentrations | 
_ which are the stringer reactions. The statical equivalence is illustrated in 
ow atid ed itive voy ase tinge Ars: 


Correction of Moments in Cantilever Beam to Obtain Moments in Simply Supported Beam 


Linear Correction to if 
Simple Beam Moments ~0 
Supported Beam 


cute 


beam is ‘equal to the moment or shear at | any ‘section the 
and stringer of the beam-stringer substitute. 
ra _ One obtains correct moments and, with some care in separating the two sub-. ee 
came reactions that make up the substitute concentrated load at a point, one obtains yer of 
ca correct shears in the original beam at the points of support of the fictitious — 7s 
a stringers, by considering a substitute structure loaded only by « concentrated — : 7 
loads which are the reactions on the fictitious stringers. One also obtains 
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loads" a are in Hig. 3. To illustrate the use for 
a load diagram, several simple problems are shown in Fig. 4. In Fig. 4(0), 0 ; 
uniform load on a simply supported beam is | considered. Solutions are 
siete 


MOMENTS. 
STRINGERS BEAM LOADED WITH 
Rie. 2 Bavivatence or ‘Baum WITH AND 


for a load diagram o on a beam. 
shears are computed at intermediate points; the equivalent con- 
centrations are shown in two parts. In Fig. 4(c) only the shears at the supports oe 
a lay baad i, the reactions) are computed, and nd therefore only the total equivalent 


“Loading 


+ Rye 
FORMULA FOR CONTINUOUS POLYGONAL ‘cue 


a Ee One can obtain formulas for more complicated types of load distribution. 
us For practical purposes a distribution that varies according to the ordinates oe 


rd ___ 8 The same formula for an equivalent consenpeeten for a polygonal loading curve has been given i 
hs “Die graphische Statik der Baukonstruktionen,” b; y H. Miller-Breslau, Vol. 2, Pt. II, 2d 


1926, P. “4. us pore 
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’ we an are of a second- degree parabola i is | sufficiently general, since it is possible to 
approximate almost any curve by ‘segments of second- degree parabolas. 


for for such a load are in Fig. 5, 
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quivalent Concen- — 


P a in terms of three ordinates to the load distribution curve. The formula in Bf 
Fig. for a smooth th loading curve was presented by A. Nadai in 1925"; a and, 
a what amounts to an n equivalent formula for the smooth loading curve, with — a a 
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Real 
Loading 4 Extrapolated 


(2+10 b- b+e) 
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y ae simpler n ‘manner r of 1 using 1g the results in a Fig. 5 for ¢ curves that have no dis- 
gontinuities changes in slope, is also illustrated ji in the material 
Parr II -Canoutarion or DEFLECTION oF 


General Relations and Definitions.—A direct analogy can be drawn relating 


loads, ‘shears, | and moments in a beam to “angle changes,” slopes, and de- 
flections of a beam, where the “angle changes” are the quantities giving the 
—_ of slope per unit length—that is, values of moment M divided — by: - 


analog may hold ‘without change of signs: 

The ‘ ‘angle change” is defined as pS a positive “angle chang” 

considered as an upward load as a positive load. Then positive. 
ey rs < corresponds to an increase in deflection from left to right, and corresponds a 
positive shear. Finally, positive deflection i is taken as downward, and 
corresponds “to a positive moment. A ‘ ‘concentrated angle change” corre- 


sponds to an abrupt change i in at a point, and may be in 


beam of constant cross section subjected to uniform 


as in Fig.6. The moment diagram isa parabola. Therefore the procedure will 
~ yield exact results with as many or as few segments as are desired. The calcu 


Bs lations are shown for four segments i in the length of the beam. The correc 


See, for example, “‘Continuous Frames of Reinforced Concrete,” by Hardy Cross and N. D. Magee 
New York, N. 1932, PP. 28-30. 3 


derived by dix of thi actual ordinate — 
Boer as deriv in the Appendix e an actua 
additional terms, w 7 ars in t eed not be an in Fig. 5 
| eee in Fig. 5 appears in th ) need not b formulas i oa: au 
5 ad n Fig. = ind 5(a ‘The for 
d ulas Ai in Fig. lue. — 
; form he three ordinates lated value. bola bec — 
of the be an e when th or any distribu 
that one but can = 26, or when th ed for any 
ing curve, at+c may be used for d in the 
the Fig. »rmulas in Fig. ey are usec bao 


DEFLECTIONS AND MOMENTS g 

ae considered. . 4 Note that the constant factors in moment, angle changes, £ 


= a ca a and deflections are written as multipliers at the right of the calculations. The 


equivalent concentrated angle changes at the ends of the beam need not 


= 
Diagram: 
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‘trated Angle Changes 
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Slope at End of Beam = (57 +) An 


Fig. 6.—Deriections ror SmMPLY Gurrcares wire Loan 
Simplified Procedure for Smooth Angle-Change Curves.—It can be shown 
sa that, for the determination of deflections (or moments) alone, a simpler pro- 
ee cedure may be used which avoids the calculation of the equivalent concen-~ ee 
trated angle changes (or loads) from a distribution of angle changes (or —— NF 
_ that has no discontinuities nor abrupt changes in slope in the region considered. — 


ws _ From the formula in Fig. 5(6) applying to a smooth curve, one has ee 
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by sind (2) a which is (a a 2b ; loads 
alll the points, however, seodane | a deflection that is proportional to the original tt: 


angle-change ‘curve; actually, deflections at the various points th 

correction are times of the angle change’ at the 
_ plus any linear diagram required to satisfy the boundary conditions. _ This 4. 
is obvious from. the form of of the equation. proof is demonstrated i in a Fig. 


ith Which Vineal Set of Mey Combined 


The problem of Fig. 6i is in Fig. 8 the modified’ 


to the Angle 


| 


careful that part (2) of the deflect 


times the ordinates to the curve of distributed 


and hes the same sign as the distributed angle change. 
Ad When the original angle-change diagram i is linear (that is, either constant we 


ee or uniformly varying) it is unnecessary to consider part (2) of the deflections 
_ since one may add a linear set of deflections to make the net effect of 75 times 


the. original and the added linear deflection n zero. 


en one can consider the eq — 
3 
aed 
consequently indicated in the factors to the right of the 
— 
— 


q ‘Where. there j is a in the curve | or & discontinuity i in it isim- 
ana 
possible to use this simplified procedure without modifieation. To avoid 
4a 4 -eonfusion the general procedure is recommended f for such problems. 
3 ‘Further examples of the use of the general procedure and of the modified . 
ene 
"procedure are re given in Figs. 9 and 10, which illustrate respectively the caloula- 


ert 


 Angle-Change 


WE 


ond 


“4 


tion of deflections f for a member with a or pi 
ee member of varying cross section. — The deflections i in n Fig. 9 will be canst since Si 
the is co mposed of tine segments. However, the deflections 
in Fig. 10 are not exac since the curve angle changes is not composed of 
straight-line or parabolic segments. More nearly correct results are obtained its 
i _ by taking more divisions in the length of the beam. The number of divisions — : 
— actually taken (six) will yield results that are very accurate as is shown by 
Be _ comparison with a solution having twice the number of divisions, in Fig. 10(d), on 
and with an “exact” solution in Fig. 10(c). 


Wit 


Analyses of Statically Indeterminate Beams. —By superposing the effects of 
‘different end moments one can solve the problem of a statically indeterminate 
a beam also. For example, i in Fig. 11(a) i is chown the same beam as in Fig. 10; as 


ty 


Det 


. 
< 
r 
4 


ments applied ir in Figs 10 are and. are indicated on the 
a figures. The calculation of end ‘slope from the equivalent concentrated angle — 
Sa change at the end leads to a much greater accuracy than is possible by éther 
_-- means+-for example, by m methods involving differences of various or ders of the 


Vay 


(1) ai 


a 


Deflections, Part (2) 5. é the 


a 


From ‘Average Slope ul. 4 + 


Total End Slope 181. oO jo I 


di. 7 7.0 
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end in Figs. 10 differ slightly from the exact values 
; obtained by in integration. _ A much better agreement with the exact values is ob- 


ained if a greater. number of segments in the length of the beam are used 


Te 


at 


f the beam in Figs. 10 and 11, and consequently a greater error in the slopes x 


for this end than for the right end, by the’ approximate procedure. It should 
also be pointed out: that the’ slope’ ‘at the right end in Fig. 10(a) should be 

2 equal to the slope at the left end in Fig. 11(a), by Maxwell’s theorem of recip- 
ae rocal deflections. The difference is due to the fact that the procedure involves 


7 Ce _ 4 “Relaxation Methods Applied to Engineering Problems, I. The Deflexion of Beams Under Trans-_ 


verse Loading,” by K. N. E. Bradfield. and V. Soc. of 
Vol. 1937, pp. 


Section Subjected to Moment at Let 
— 
— 
— 
| 


DEFLECTIONS AND MOMENTS 


ome slight which amount to analyzing | slightly different struc- 

3 From the moments sand slopes i in Figs. 10 and 11, one can find, for example, are 
the stiffness and the carry-over factor for the left end of the betcn by edjesting = 


the 


ae (a) Deflection of Beam of Fig. 10 for Moment M = 180 at Right End, with Beam Di 


Combination. of Fig. 10(a) and Fig. 11(0) to, to Obtain Stiffness 
Factor for t End of Beam 
End = — 0.747 X 180 at right end 
M 
| Total slope, M = 180 at left end, =- 747 x at right 


General I Procedure. -—With an accurate procedure available for computing 
- deflections of a beam when the moments a are known, it is possible to set up a 
relatively simple procedure for handling deflections of bars subjected to axial ne 


a loads as well as lateral loads, by successive approximations. Ini so far as the 


final deflections are concerned, the effect of lateral loads on the bar i is the sa same ne: 


_ as the effect of initial deflection of the bar froma straight line 


bar due to the lateral Toads only, 


— 
— 
<j 
— 
— 
— 
— 
— 
A 
segments were used i pet 
segment 
—- 
— 
— | 
5 
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— 
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"DEFLECTIONS AND MOMENTS 
ink 


deviations from a straight line. Let the total defection with no axial loads 


(2). Guess at an assumed additional deflection, Wa, which 


_ the effect of the axial forces on the bar. f Let the s sum of wa and w; be denoted 
g@ Compute the moments due to the axial loads on the bar, correspondin 


Determine the deflections of the bar for the ‘moments: in 
Compare w’, and if they are equal, We is the correct additional 3 
2, deflection of the bar, and wp is the correct total deflection of the bar. If they a, 
are not equal, repeat steps (2) to (5) until a desired measure of agreeme 
on reached. | One may take the values of w’, in step (4) as a new set of assumed _ | 
ae values of Wa, or one may modify these values in order to hasten the process te 


a Ad: and obtain agreement more rapidly between the assumed deflections and the 


Ibis necemary to point out that the procedure will work to advantage only 


as when w’, is a a better approximation to the true additional deflections: than Wo; 


cae other words, the procedure works best when the sequence of successive | 


approximations converges. It may not work at all when the sequence diverges _ 
or oscillates. One can conditions that will i insure convergence; but 
OF for practical purposes it will be evident that one either « approaches a definite 
result or does not; and if the calculations approach a definite answer, it is the 
correct answer. Various ' “tricks” are possible in | solving problems i in which 
convergence is slow, or in which there is actually | divergence of the results. : 
. However, such problems are not common. The writer does not wish to confuse ni 
this presentation with too elaborate a ‘set of f procedures for exceptional cases. 
It is sufficient to point out that if by a any means ws , and w, can be made equal | 
< me at all division points, one has the correct deflections. _ By trial, or by a system- 
atic procedure, or by use of simultaneous equations, the two sets of values can’ 
34 always be made equal (even when the routine procedure of | using the results es es 
a in (4) as a new step (2) diverges), since one may take any arbitrary set of 


Examples of the general procedure are given subsequently herein. 


ue the problem of pure buckling of the particular bar considered. For this reason 
discussion of pure buckling will be given first. 


Se $ ‘Treatment of the Problem of Pure. Buckling Without Lateral Loads.— 
“2 a bar subjected only to axial loads, without lateral load or initial sddtitien: 
Then the quantities wi in step (1) of the general procedure are zero. o. The axial — £ 


loads are to be determined 80 that an assumed set of deflections 1 Wa 2 corresponds ee 


“a position of neutral equilibrium, pte is on the point of reaching @ position of 
(or possibly unstable) equilibrium is different from the original 


— 
— 
| — 
— 


i set of values of the axial loads. It is convenient to consider generalized loads, 
‘That is, one considers the symbol P to ‘Tepresent all of the axial loads, or the - 
“a ‘system of such loads, acting on the ber. By assigning values to P, one assigns 
values to each of the individual loads which P represents. ods 
(c) From the moments in step (b), compute deflections w’. pide pas of io 
Compare the deflections and We. If they are proportional— 
is, if they can be made identically weil for a particular value of P, or fora 


pettididlar set of values of the axial loads—there i is a critical buckling load and — 


the configuration of the bar corresponds to thatload. 


Again, certain may. be raised regarding the convergence of a 


_— Sequence of computations,“ but these are beyond the scope of this paper; 
moreover, for, most problems the difficulties do not arise. 


4 
Compute moments corresponding t to the deflections We & and an assumed 


curve, symmetrical ‘about the center line, ‘are shown in Fig. 12. - Only half the 


x4 


ed Deflections, wa 0 100 
Average Slope, Part (1) 330 204 230, Me, al ajo? 50. 
Defiections, Part (1) 330° 624 1 ver 


@ 
Resultent Deflections, ‘Aj ama Ap 6187 ree 992.0 1,041. 7 992.0 


(a) Average ratio, neglecting ratio for ends = 
(b) Ratio of su of deflection, 


Bea: and d deflections symmetrical about center line. * Ratios a end slo 


Fie. 12.—CriticaL Loap ror Bar or Constant 


seen that the ratio of w, to w’, is not constant; the different values of: ea hy 


ratio are recorded, and give’ the value of P required to ‘produce equality of 
; a deflections at the particular points. _A repetition of the calculation with new mg 


are 


— 
2 
¥4 
— 
— loaded at the ends with axial 
ae supported bar of constant cross sect 
| 
x 
— 
— 
— 
4 
— 
— 


or to, the values of shown in Fig. 12, 

would give n more nearly uniform ratios. The best value of the critical load may 
ee taken a as the average of the ratios, or as some weighted average; in 12, 


> 


i cases a  seanodalihy| good approximation to the critical load is the ratio of the | 
ms of the ordinates to the curves of w, and w’ ta. 


Deflection, Part 
Resultant Deflection, 3134 964.1 1,023. 7 PMBI 
Ratio, lasitine » ‘oto 0.0990 0.0987 aT 0.0985 0.0086 EI I/P 
3.—CrrticaL Buckiine Loap ror Bar or Constant Suctio 
: aaa proportional to the values of w’, , determined in Fig.. 12. The result is 
practically exact. In both and 18, value of the critical load 
te Obviously it is possible to find different patterns of deflections corresponding 
to different values of critical loads s for the same bar. = In general, only the lo lowest am 
a critical load is of ‘significance | as far as pure buckling i is eenaanned, since the tM, ; 
Ask higher | loads must correspond to essentially unstable positions of equilibrium; ve a 
Exo, but, if an initial deflection curve is assumed that contains no components of “ig 
the corresponding to the lowest critical buckling load, the lowest 
b from thi ld 
nak oad cannot be obtained from this procedure (nor would it be obtained from — 
Py any other available procedure, such as methods involving minimum of energy). 
Such a a situation n would. follow from the assumption of a deflection curve anti- ‘ 
s° Pe symmetrical about the center line for the beam i in Fig. 12. One would reject 
me such a curve intuitively for this problem. Yet in an case, it might be 
possible that a designer may reject, unthinkingly, the configuration that corre- oe 
sponds to. the lowest buckling load. An example of case shown 


subsequent in Fig. 20. 


— 
— 
ne Critic { — 
itical load is given with a curve that more nearly approaches: 
— 
— 
a 
a 
Ve 
— 
— 
— 
— 
— 
> 
tag 
— 


4 


is Ordinarily, deuvengenee of several different sequences of { computations in 


corresponding to: the lowest critical load. 
vergence of a sequence ‘of computations may be’ very ery slow; this will be: so 


» the low est critical buckling load must have a value between the inte 
lest and values of of the ra ratio of We to w’ when all 


the initial straight | configuration is now an unstable position of equilibrium. 
On the other hand, if every point on . the derived deflection curve lies between ang 
the original straight configuration and the assumed configuration, then the A ar 
load must be less than the load required to produce neutral equilibrium. ee 
Evidently, i in this | case, , the undeflected position is a | position of s stable equi- ove 
Se librium; but the two conditions described correspond to the maximum and the eoet Se 
: ‘minimum values of the ratio of Wa tow’. Therefore the critical buckling load 


Bee = be between these limits. _ The rule i is important for practical purposes ; pes 


equivalent to substituting for ‘it a ‘slightly different structure. ‘This becomes 
evident if the buckling load is computed for a bar divided into only two seg- 2 


two are closely The process of dividing the bar into segments 


aa In certain cases the foregoing rule i is inapplicable. Care must be taken i in ¥ 

, ie using it when axial loads are applied other than at the ends of a bar. — Also, ate By 
Me the rule would be misleading in such cases where the lowest critical load corre- 
sponds to a deflection curve that has both positive and negative Setecinn, 


whereas the next higher critical load might correspond to a deflection curve 


 [llustrative Problems for Pure Buckling. —The problems shown it in 1 Figs. 14, 
gs 15, arfd 16 illustrate further uses of the procedure for computing the critical — 
load for a beam subjected to pure buckling. Y 
The effect of taking different numbers of segments in the length of the b , 
: is: illustrated in Fig. 14, for a simply supported bar of uniform section subjected _ ote 
to end thrust. The error in the buckling load ¢ ‘computed by the approximate — BM 
5a procedure described herein, compared with the exact buckling load, is 2. 74% 4 
for two segments, 0.52% for and 0. for four segments, in 


— 
Volving diferent shapes Of assumed denecvion curves, vo 
A ae would be a sufficient indication that the designer had reached the configurati ease Ser 
a." Methods of handling euch problems can be derived but are bey Ssvareatigead ee 
| rule: If every point on the derived deflection curve lies outside 
assumed deflection curve, the load must be greater than the lod —. 
d | to produce neutral equilibrium, since the bar is tending to de lec oi na agey 
itical load, it must be re 
a using this rule to bound the value of the critica 
— eto 
— 
i 
— 
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= In Fig. 


the bar. 


at tx +* 
which 50 ive ue Professor Timoshenko" as the “exact” = 


value of the critical load. ie It should be remembered that several trials were aise s 


necessary before as uniform a set of f ratios as ‘is shown i in Fig. -15(a) was 
Burs - obtained; but the intermediate work can be done without refinements and the thle 
Oa e248 final result obtained fairly rapidly. For practical purposes it would not be tee 
ee necessary to go 80 far. For example, Figs. 15(6) and 15(c) might contain all 
the calculations required i in most cases, where even the first step, starting . 
; an assumed parabolic deflection curve, would be adequate for almost any i 
a7 In a similar manner, other problems involving variations in moment eS? a 
inertia along the length of the bar may be solved. Where the variation is . 
smooth (has ji is, , without abrupt changes) the relatively simple modified ~ 
ce 
The solution of the problem of buckling of a bar fixed at one end and simply 
, eS supported at the other i is shown i in Fig. 16. The problem is solved by adding ey 
ak toa simply ‘supported bar an end moment to annul the rotation at one end of es 
_ the bar. The problem might also have been solved by dealing with a cantilever aa 
. beam acted on by a direct thrust, and adding the effect of a lateral load at the 
end in order to make the deflection at the end zero. 2) The 1 results would have — ny 


The procedure u: used in Fig. 16 may be outlined as follows: 


@ Find the deflections and end of a simply bar due to 
a moment applied at one end. Denote the deflections by Ws. 


As < end of the bar. In general, it would be desirable to include ——e 
nate” moments, although in Fig. 16 they were omitted. 
(c) Compute the deflections w, and the end rotation th 
ae ‘moments i in step (b). If the end rotation is not zero, add such a moment as Cr oe ile, 
would required to ‘make it zero. This involves adding deflections also, 
proportional to w,. Denote the resultant deflections by the symbol 
(d) Compare wa and w’,, as in the procedure described for deter- 
mining buckling loads for statically determinate bars. If we and 
a similar, one has the correct shape of the deflection « curve, and ‘one can obtain nee 
the critical load. If w, and w’, are not similar, one may repeat steps (b) to (d) = . 


Timoshenko, New York, N. Y., 1936, pp. 128-131. 


| 

| 

15(a), a solution is given for the buckling of a bar consisting of parts 

3 

3 
‘ 
i 
Ret 

| 

ported at the other. Denote the deflections by wa. Compute the moments 
= ae bar due to the direct loads and the deflections We. One may alsoinclude — eats 

‘al 

— 
— 
meg 


‘DEFLECTIONS AND ‘MOMENTS 


oe A procedure similar to to the foregoing may be Seveneneg:! for other ony 5 
at in Fi a) the momen iagram and the angle-change diagram 

Note that in Fig. 16(a) th at di dth nel hange diag 
Ke, are lir linear; ; therefore it it was not necessary to compute part (2) of the deflections, — 


ee . explained in section II of this paper. In Fig. 16(0) @ common factor a is 
_ indicated for the deflections in order to make it clear that the end moment in 


The final value of load i 


0 produce additional deflections and additional moments beyond those pro- a 
4 ne by the lateral loads alone. | The additional deflections are governed by a 
< ae the deflection due to the lateral load alone, and by the ratio of the axial loads 


~ 


necessary to assume a set of values of the additional deflection, ws. Asacon- — 


ve nient ‘approximation for the first trial value of f we iti is desirable to take Wa as oe 


+ in which Pe is the magnitude of the critical | Peele load, Pi is the magnitude 
‘ahs of the actual load, and w; is the sum of the initial deflection and the deflection f 
. — due to the lateral load alone. When w; is of the same shape as the deflection _ : 


corresponding to critical buckling load, the value of Wa given 


a cores value of We if We is assumed as ‘suggested. 


and 
 Joad are are computed first. v value of Per the bar can be from Fig. 12. 
Then with the given load, P = 0.02=;, and the critical load, 0.0987 
te orld we = 0. 254 w 
i ay With this value of Wa, the computations i in He -17(b) lead to a set of values of ae 
te which are practically equal to those assumed. If If further refinement is is 
ae desired one can repeat the calculations. One may also deal with additions to 
the 1 values of w, already assumed and obtain additions or corrections to w’g; 
but in this problem no further computations appear to be necessary, and one 
may ¢ conclude that under the given conditions th the effect of the axial load is to 
i cause an apparent i increase in the maximum moment due to the lateral loads 


‘ naa 40m “Theory of Elastic Stability,” by 8S. Timoshenko, New York, N. Y., 1936, pp. 88-89. bas iit se 


See, for example, “Buckling of Elastic by H. M. Westergaard, Transactions, Am. 


E., Vol. — Ppp. pp. 6 18-619. Note difference in however. 


| 
Fig: depends on the detiections. 
practically exactt _ 
Problems, Combined Axial and Lateral Loads—When lateral 
— 
— 
— 
— 
— 
by 
— 
— 


cae Similar calculations are shown in Fig. 18 for a bar hatha to a moment at 
a one end combined with direct thrust. Here the first approximation is not — 


nearly close to the final answer § since the deflection curye due to the moment 

differs considerably from the configuration corresponding to the critical 


‘The procedure described here i is applicable also to problems i in which Pis om 
SALT 


ae that i is, s, where axial tensions instead of compressions 2 act on the bar. igs 
In such cases, however, the effect of the end tension is generally to Teduce the 


arte due to the lateral loads or initial eccentricities only. The same 3] 


P ‘ 


M ts Due to Lateral Load 0 36 64 84 1 2/8 


bet 


Average Slo ‘art (1) au 330 330 294 val 46 ™ 4/8 


Distributed Ange Changes che 820... 52 21.26 
Average Slo ‘art (1) 82.93 | 74.73 “$0.21 | / 
Deflection, (2) .68 1.77 —2.07 —2.18 


han Fee. 17. or Bar Susyecrep To Lew AND Enp 


general may be used. The value of we § in Eq. 4 will 


egal 
a, 
eer A a arises in problems where T is numerically greater than the value — on 
the lowest critical buckling load, In such cases the sequence of compute- 
tions will oscillate, and will not: converge. In general, each assumed value of 
as We will lead toa value of w’, which will be farther from the true configuration _ De 
Wa ‘if w is not correctly chosen equal to ‘its true value. Methods 
solving such problems ¢ can be developed, however, ‘and in general « one can arrive 
_ eventually at reasonably good results since the effect of the end tensions ae 
_ never be to produce greater deflections than w; except ata few points. — : 


Ad "discussion of problems such as these will not be | given in the present | paper. 
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bucking Duelo Arial Loads Applied at Intermedvate Pounts Along the ength — 
of a Bar.—The problems previously treated herein concern axial loads applied = 
eS at the ends of a bar. Bars with axial loads applied at interior points are Mey, ee 
a7 i sidered in Figs. 19 and 20. In Fig. 19, the left part of the bar is in compression = wi Wate: 
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application of the interior load, the procedure used is to write the bosivalent 
concentrated angle changes instead of making the correction that can be 
3 oe for a smooth -angle-change curve. In Fig. 19(a) a symmetrical parabolic de- 
_ flection curve is assumed first. One finds a peculiar result: Some of tho 
ee resulting deflections are negative. a these deflections are taken’ as a new 


‘4 deflection curve, and the process repeated, , eventually one comes to the result 


re. shown i in Fig. 19(b) where, apparently, the critical load is negative; but this Fag a ine 


é the right part in compression. It is reasonable that the buckling load should pte 
Ay be less for this arrangement of loads since a longer part of the bar is thereby A 2p 
subjected to compression. The final result for the original problem is shown in | 

Nd Fig. 19(c). § ‘It may be obtained by repeated trials, but not by a process in 
which each new configuration is the result obtained from a previous assumed ue 

‘ configuration, unless the starting point is a configuration not containing any f 


component of the type obtained i in Fig. 19(0). The shapes of 


A bar subjected tot two restos loads applied at the third points is <i 


is gives not only to illustrate the. procedure for an n unesual ¢ case, but 
a 4 also to show what can happen when care is not taken to insure that components ~ 
deflection corresponding to the lowest critical buckling load are present in 
the assumed deflection curve. The loads are assumed to be applied on 
_ Asymmetrical deflection of the bar is in Fig. 20(a). The deflections 
outside of the region to compression are immaterial i ina consideration 


‘ 


outside of the part of the bar, however, and one 
make a fair estimate of the situation in this case. 
‘Fig. 20(b) an antisymmetrical deflection is assumed, and the corre- 
ond critical load i is calculated. _ Here again, the deflections outside of the 
malic region subject to compression do not enter into the finding of the critical load. 


“Uber die Knickung eines Balkens durch Lingskrifte,” by O. Biumonthal, Zeitachrift far angewandte 
ik, Vol. 17 1937, PP. 3823-904, especially 


sand the right part in tension. The point of application of the interior load “Riess, La cae 
assumed to deflect with the bar; consequently if the load point deflects shears 

be applied at the ends of the bar for equilibrium. Since there will be 

Ph 

= 

4 

Ba 

+> 

the unknown constant part: of all the deflections in the region considered. For 

the final deflection curve c can be obtained easily by taking the complete de- (i 

flection curve for w’, and repeating the calculations; but for intermediate steps, 

7 

of interest and importance that the critical load corresponding to the 

symmetrical deflection is lower than that corresponding to the symmetrical 

configuration for the arrangement of loads chosen. The bar would actually 

tend to buckle by more or less of a rotation of the central section. ae 


of Large Deflections. —In all of the: discussed herein the 


inw which y is the deflection, positive are e large, 


Eq. 7 is only approximately correct. One should replace it by the ne relation... 


“ 


4 by a function of the slopes at various points along the bar). One computes 
a ibe the deflections by a series of successive approximations, in which each step is 
bine similar to the various procedures outlined in in the paper. r. However, ‘it is not 
Further Applications.—The procedure described herein is applicable t 
= oe i, many other problems, since it permits a relatively simple and accurate nu- F 
q merical integration of a class of differential equ uations. 
F le, the problem of a bi 
“ate ee or example, the problem of a beam on elastic supports can e solve by ‘ 
ae first assuming a set of deflections, then determining the forces acting on the 
beam, with the. ‘consequent moments and angle changes. . From the angle 
changes, the deflections can be computed. If these are the same as the — 
deflections, the problem is solved. If they are the process 
general procedure may also be modified so as to the of 
ae ae _ determining the natural period of vibration of a beam, or the critical speed of 
a shaft. Problems of this kind have been solved previously by 
The use of the present modification is to Produce a more accurate 
of ‘deflections of beams and columns and 
buckling loads for columns with a high degree of accuracy. The ‘aaa can ean 


'# extended to other problems of the same mathematical nature. 
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Particular acknowledgment is due ‘Harold 
ede Graduate Assistant in Civil Engineering, for assistance in making and * 
checking the calculations, and for extended studies of the procedure. 


in order to. obtain dimensionless coordinate, and consider curve of 
with ordinates a a, at = 0, 1, 2, respectively, to be a second- degree 


function of z having the required values = a,b, catz = 0, 1, 2, 
‘Then, from “statics the equivalent concentrated loads Ra and Rew are 


tion of the integrals yields the results 
ba =—(3a+10b— 


x 


By ne the value of Ree: 


24 ( 3 c+ 10 
a rol és welt 


Raa + Roe (a+ 10d +0. 


are not of | equal length. However, for oa 


tmz 
— 
ig. the origin of coordinates is at a, with z positive to the ri 
il with z positive to the ri 
a and q represents the maonitndea af the lnad at noint nositive unward 
— | 
— 
— 
3 
terms of higher degree in x or 
"4 aa # in terms of ordinates at more points. One may also derive expressions for R Pa! me 
mj. in terms of differences or of 1 di milkees 
into which the loading curve is divided 
a purposes Eqs. 11 and 13 are a 
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C. E— —The numerical procedure 
an by Professor New: mark has advantages of simplicity, accuracy, and — 
speed that make application to actual design work particularly effective. In 

es an extension course given n at Lehigh University, in Bethlehem, Pa. ., the writer 
es has had the opportunity of presenting the method in detail to a number of oe 
oe engineers. Several of these engineers have found the procedure superior to ‘ae. 
ss _ other similar methods. The procedure was recently applied in connection 
with the. analysis and design of several unusual mill building frames ae: are “ii 


stated by the author (see “Synopsis” 


the geometry of a bent beam and its ratio. 
. ia the procedure is not its newness, but its usability in actual design. © 
- duces the analysis of bending « and buckling: of struts to a » systematic and 


and i is exact enough for most applications. In actual structural members the 


of the fundamen ngly complex, if not impossible 
Simple numerical such as the deserve relatively 
nie in structural engineering lite literature than they now have. a ie tak 


= i increased if a summary is made of its relation to the slope-deflection and « 5 
ope moment-distribution procedures for "obtaining terminal m moments of members = 
in framed structures. . In Fig. 21 is shown a rotation notation for the angle 


- dicates the location of the applied ‘unit moment—that i is, bas 

ata due tothe unit momentat 

the law of reciprocal oan = = Ba. The three 
E angle changes oa 4s pp, and PAB may be determined by model analysis or by 


due to any applied load (also shown 21), 1 are determined easily 


rier 


one additional application of the author’s numerical Procedure... Note the 


the sign of the angle changes will be the : same as that o of the end slopes i in th % 


4 x author’s paper. These five angle changes determine a any or all of the coeffi Sit 
oe cients needed in a Pen solution either by ve deflection or moment 
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— 
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ported fthe beam. The angles lockwise. The first su 
wise couple to the idered positive when cloc pesecond subscript ip 
es 
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but i is usually neglected i in bridge and frame 


effect of idirect load upon stiffness ‘could | 


lateral ‘translation of the ends of any) member i in a 1 a loaded. frame is is shown i in 


bok 
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Fig. In the case of the member with (uniform cross section, the «slope- 


deflection” equations are written: 
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defection equations « obtain for the general c case reg ariable 1, written in terms of a 


ANS 


AB — ons) + ban d's — 


It may | be. shown by the ‘ ‘moment-area” relations that the following slope i % 
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‘fined by the general slope-deflection equations (Eq. 15), are given in Table 


In the actual calculation of the basic: end- angle changes opp, 


simplified. . Deflections need not be calculated at all. The end slopes are 
simply equal to the ‘ “conjugate” beam-end 1 Teactions caused by the e “equiva- 
a lent concentrated angle changes” treated as loads. Upward end reaction is ee 
positive on the left end and negative on the right end. ~The equivalent con- 
Ge  eentrated angle-change loads should be calculated by the formulas given in aed 
Figs, 3 and 5, and the alternate to the author’s procedure in Fig. 10 is presented ica ty 
in Fig. 23. The results check those of Fig. 10. Ifa mechanical calculating — * 
Pe “machine i is used in the computation, it would be convenient to divide the mem- < i 
— into either five or ten segments. The calculation of end reactions is then . 
Ex _ obtained by multiplying the equivalent concentrated angle-change loads by 
= successive decimal fractions, 1 0. 2, 0.4, etc., jen 0.1, 0.2, 0.3, etc., up to 1, 0, in . 


hay 


— 


x End Slope 


The angle changes opp, and o's a check are 
io tained by two additional sets of computation similar to ) Fig. 23. , it should be 


4s 3 


noted that in computing opp and das ( = 


= sense of the —_ moment at the right end of the beam will be reversed a 
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FLECTIONS AND MOMENTS 
discussion. amare the basic angle changes are obtained; they may be 
—o Eq. 15 or in Table 1 to provide the necessary basis for borne 


et writer has discussed the application of the paper to structural frame 


: - only the processes of arithmetic, and thereby bears a relation to the a 


wr 


Soc. 


he 


on the work of Hardy Cross. ‘This tradition is characterized by a non- 
a mathematical solution of quite difficult cases in such a manner that Arte. strue- 


tural behavior is always. evident in quantitative terms. 
The writer would like to suggest a simple and convenient approximation — 
-* that he has found to be useful in a large variety of buckling problems, including — 
nye the lateral bu buckling of crane runway girders. The total deflection, wo, in the or 
ea strut analyzed in Fig. 17 may be estimated as soon as the deflection, w,, , due to = 


f Se the lateral load, is calculated and before the value of the critical load, Pery ii s- 


att 


4 


moment for the moments, P ‘Wo, due to the column load, is of the 4 
shape as the bending moments due to lateral to botent 
i ove Mz is represented as Prag ‘moment ‘due to the lateral load ‘end w; as the 


Se ; 


100 


¥ 
as its effect on bending is concerned. The author’s procedure is particularly ae f 
adapted to the computation of critical buckling loads under direct stress for 
cases of nonuniform cross section. The method is clearly outlined by the au- _ 
ribution method bears to older and more cumbersome methods oF structura 
M. Kercuum, Jr.,”° Assoc. M —The author’s paper is = 
vee 
3 
— 
| — 
— 
— 
— 
— 
— 
substitution of the values of w;, P, and M, at the center of thestrut gives: 
a 
ae 


approximation is satisfactory for most problems. ot bewsite 


| 
The critical buckling load for this strut determined in ig. 2 may be 


Substitution of values from Fig. 17 gives: 


9 ‘The corresponding coefficient from Fig. 12 is 9.87 so that the approximation is 

: The author is to be commended for his simple yet thorough and rigorous Sas “hye. 


treatment of deflection and buckling. ‘This paper should dispel much of the 


mystery that surrounds all but the most simple column problems. 


paper has been stimulating to the writer, particularly since it places emphasis 
> mathematically simple approaches to problems in elastic stability. Al- 
_ though Professor Newmark shows that simultaneous equations may be ‘used a 
De a insure that the assumed deflection curve of a compression § strut is essentially me 
meres proportional to its s shape as - computed elastically o on the basis of the assumed — ae ie 
deflection curve, his detailed treatment is devoted to the substitution of a 
method of successive approximations for the solution of simultaneous equations. 
i The writer solved the problem illustrated by Fig. 13 on the basis of five aS as 
; on simultaneous. equations, and obtained substantially the same results. This Pit 
solution was relatively straightforward, although the form of the simultaneous tos 3 = 
eren equations was ‘such that it was convenient to adopt a method of successive ris . 
approximations | in their solution. Having successfully completed this solu- 
ae gS tion, it was then decided to investigate the acouracy of simpler direct solutions, rr ae ee 
based on two simultaneous equations only. Symmetrical cases” only. 
considered; ; otherwise three equations w would have been necessary. The 
sults of these relatively simple solutions were quite as is illustrated 
Consider first the case of Fig ig. 13. Assuming that the deflections of the 


concentrated d loads at the center points are are from 


the net are shown in Fig. 24. the moment area 
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| 
an 
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taupa to 


= 0. 707; A 


E 
Before this procedure to the case illustrated by Professor New 
mark in Fig. 15, where J is not constant throughout the length of the strut, it 
‘convenient to develop’ ‘equations for equivalent concentrated loads’ 


; ie parabolic loading curves for the case in which the spans of the two adjacent 
segments are not equal. Referring to Fig. 25, these equations are ‘as follows: 


a(—P) +h) +eh (2h +h)]. 
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parabolic loadings of equal adjacent sections. — se loads, together with 


Se 


>, 
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resultant net reaction, are shown in Mg. 26. By the moment-area method, 
6 
7 (876.4 + 46. 2) (366 a — 3. 


| 
= °« Assuming that the defiections of the strut at the center and the 0. poin a io red 
are and a4, respectively, the equivalent concentrated -load a 
| 
| 
| 
— 
— 
- 
| 
a 
im 
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Eqs. 24 b become 
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sah’, 


for a ‘strut of sections of EI, the deflection curve 
be compounded of sine curves, an interesting exact solution to fore ‘3 


enter Li 


ou 


oO 
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For the case e under consideration, the true deflection curve, shown by the 


At the point of common tangency, where nf 


fy « 

, Since J; = 10 Ts. 


— 


— 


= the strut under consideration. _ The critical load is then 


and = Lo =0. 675. Hence, Li = This gives the ‘ ‘reduced”” oe of an 


In the opinion of the writer, Professor Newmark has performed a definite ~ s 
+ service since he has. dissociated one type of problem in 1 elastic stability from beam 
Vee the shroud of the formal solution of | differential equations. _ It is to be hoped pe 
that relatively simple methods of solution will 


= use of progressive load, shear, and thoment erie to > establish oe Rs 
and the alinement of ‘elastic curves is familiar in the analysis of arches. 
excellent demenstration of the use device termed “linear correction 


Engr. of Bridge and Structural Design, City of Los Angeles, Los Angeles, Calif. 
“Reinforced Concrete,” by A. W. Buel and C Cc. The Engineering Nev News Publishing Co., New 


York, N. Y., 1906, Fig. 43, p. 140. 


yar 
a 
gin 
de 
q t 
— 
. 
Gul 
— 
— 
i 


\ =e deficiency in the author’s illustration of the use of his computations — i 
a rewriting of this part of the paper. bared 


Be. of beam flexure is necessary. A basic: constant is defined a as being e either a 

‘simple constant quantity or a constant ratio between two variable quantities. ee 
a constant that is more complex than a basic constant will be referred to as a 
mess derived constant because it is derived d by the use of two or more basic constants. 


oe eS by fl the length of a tangent and the angle of f intersection of the tangents. Th 
transition spiral often used at ‘the end of a circular curve is fully determined 
oy by the length of its tangents and their angle of intersection. If the over-all a a 
length of the spiral curve is known (as tl the span of a beam i is known), then one = a ae 
angent and the angle « of intersection are sufficient. The » basic constants govern- 
ng the flexure of a beam that has no more than two amenoe are similar and 


The of the left end of the beam: This is the ratio of 
af a - the moment to the angle of intersection between the tangents to the elastic — 


~ curve when the beam is hinged at the r right end and a moment is , applied a: 


(5) of intersection between the tangents “of ‘the ‘curve 


2 when the beam acts as a simply supported beam subjected to its loads. = 


ee aan The ratio of the length of one tangent of the elastic curve to the length 
of the beam for the simply supported condition. i 
‘The first four ean are “beam: constants,” which are independent of the 
eee, loading. The last two are “load constants,"’ which depend on the loads. qth < 
Of the six basic constants of flexure, only five are independent, since the — ae x 


principle of Maxwell’s theorem of reciprocal deflections (angular) will enable 


x ae: any missing beam constant to be computed from the others. —«Itis ‘understood 
oe wie in beam flexure that the tangents may be taken as equal to their —: 

a oil An end. slope is not a basic flexure constant. . This can be seen eal the jis 
fact that in a cantilever beam the slope at the fixed end is known to be zero; 
— but this knowledge, combined with the Jength of a tangent to the elastic curve, — 


if insufficient to determine the ‘curve. st If, however, the length of a tangent 
_ and the intersection angle between tangents are known, the curve is determined. 
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(8) and (4) hese are the same as (1) and (2). exce + that the left end 
2 
3 
— 
— 
a 
— 
oe hes function of an end slope and also two basic stiffnesses, one at each end of the a ee 


being lost by 


time has lost and is 


ve 


One for Each End of Beam. ad 


hoot ti ot Factor= $216 =0.288 Left to Right 


computation of the properties: of this beam is in Fie. 28, 
oe the. justification for this revised computation is illustrated by Fig. 29. The 
“columns i in Fig. 29 are the same members whose properties are serene in 
- Fig. 28. The deck i is of constant section with relative stiffness as shown. The 


—" 


on  sidesway moments and the appurtenant lateral force as shown in ring 29 are 
computed by the following consecutive steps: 


‘Write in in deck k traverse : angles 1, 2, and 3. Multiply stiffness, 2.97, 
angle value, 3, top get 1 moment 8. 91; divide moment 8.91 by stiffness 1.485 to 


designers through injudicious selection of flexure constants in analyzing 
various types of structures. The author's treatment of the beam in Figs. 10 


it 
Basie Stittness = Af = 0.772 (Relative) 
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: 
and 11 would tend to encourage rather than correct this A revised 
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of any other lateral f force will be i in direst proportion. © 
“a the structure follows as a direct by- product. er, 


It can be seen that the foregoing computation of sidesway 1 moments, using 


a basic constants, can be done in less than one minute, whereas computing these — 


moments, with the derived constants, which are the only ones mentioned by wae 


the author, would take much longer, would a aecurate result, and 


a structure in which the beam becomes a member. _ 


*Sreran J. FRAENKEL,™ Jon. Am. Soc. C. ‘E.—Recently the 
, es called upon to investigate the stresses in a 125-ft derrick boom. Since 
o long and slender members are subjected to considerable deformation which, in « P 
turn, influences the stresses, it was necessary to determine the deflection of this oe 
boom. . The methods outlined i in lowmark’s able paper lent 
The boom (see Fig. 30) ‘euitaled of four angles—two 6-in. by 4-in. by ee 


the of the middle was 59 ft with in. 
oe }-in. bars at the top and 3-in. by j-in. bars at the bottom was advisable. | 

/ Y That i is the section shown in Fig. 30, which was also used in the investigation — 

related herein. The section of the boom varied considerably outside the 
3 _ middle part, as is shown by the variations in the values of J and y. nary eh < 


With Eng. Dept., Pittsburgh-Des Moines Steel Co., Pittsburgh, Pa. 


angle 7; multiply angle 7 by stiffness 0 colupn traverse 
ine get moment 5.404. Add all 
— 

a 
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> 
A that can be used for the quick y increased by bringing the results into a form a: a ie 
computation of the deflections and moments « 
sandmomentsof 
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oom in Fig. The be a: analyzed 


Angle 


3n 


Geometrical Center 


Line (Horizontal) 


al 


the: Sidenesi between them at any point | being denoted by y. The line of 
a action of the axial loads is determined at the right end of the boom by the 


location of the pin, and at the left end by the intersection of the boom line and Ave 
TABLE 2 2.—VALUES OF anp I FOR Various VALUES OF AX 


0.62 
2: 2.95 


209 Ie] 3.49 Io] 3.49 Ie 3:49 Te 3:49 Io] 3.49 Io 


vertical line of action of the Toad | (It should be understood that 


— 
— i. 
— 
— 
— 
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se between the geometrical center line and the mow 


ae 


32 the of f the boom due to its own weight. ‘The dead- 


: “Toad reaction at the left end causes an axial load of 51,250 Ib, and the n maximum 
g axial load | due to live load is 64, 950 lb. I In 1 computing the « deflections the ty 


modulus ¢ of E, is taken as 30 by lb per in.; 


4 ‘The is ‘divided into ten parts, 80 that: 10 = = 125, ft. 


obs 


(a) = deflection. eaused by bending moment due to ‘the weight of the 


oom; : 


in which is total the dead loa d, and A is the total 
deflection under the dead load plus live load. The Ap 4 

and A represents the effect which the live load has on the deflection. 


Determination of -The n necessary computations are recorded in Table 3, 
and no further explanations are required. Of course, it would not have been 


‘necessary to compute the equivalent concentrated angle changes, since there 
‘were no discontinuities in 1 the and the simplified ‘method m 


in Part II of the ‘paper have been used. 


Determination 5o.—This component of the deflection 


CTIONS AND MomENTS =1203 # # 
— 
— 


2 
Moment of inertia Z (in.) 42,057 5363 | (118380 


Resultant deflection in ‘inches = 


Moment due to weight of boom 1.888 3.313 


PABLE 


| Assumed deflection due to axial dead load, —0.02 
| Trial defection (@) | | “4135 | “4004 
| Linear correction to deflection _ 82.26 | —74.03 65.80 | —57.58 


— 


Moment of inertia J (in.*) 42, 057 | 5,363 7,008 | 11,834 


Assumed deflection due to axial D. L.&LL., ay -0.05 | —0.08 -0.09 
Moment arm —(z+y)—8) +4633 | -1.73 | 
Moment [(51,250 + 64,950) X moment arm] +735 —201 -187 

Trial deflection (1) 785 | —297.85 | —310.35 | —206.45 ait 
Trial deflection (2) _ —146 | 43.13 | +220 


Linear correction to defection | 249.31 | +224.37 +199.44 


— 
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Poms: 


1,834 11,884 11,834 | 11,834 | 7,008 3,987 | 


10 A= 125 Ft 


5 


= 125 Ft 
Loos | 


Common factor 


80.7. 
—0.53 42 


+1.3 10. 
| +156 


| 11834 | 11834 | | 7008 | 3987 


—117.48 
40.38 | +040 
+74.79 | 449.86 | +2493 
—111.08 | —99.64 85.61 | —67.22 | —42.69 
0.0834 0.0642 —0.0505 | —0.0321. 


(ine 8, Taste 3+Liwe 10, Tastee 5) 


10339 075.1 | 500.7 | —1 477.2. ag 
5 | 11818 1,329.3 | +1,477.2 q 
| 
| 
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axis. The moment ore is by — (tx + y) prior to the upward deflection “ig 
for which assumed values are given in line 1 of Table 4. The final moment ar 


then 5, — (2 * In the case of point 5X, for example, this. 
3. 77 — (1. 03 - + 2.95) — 0.03 = — 0.24. If the results do not coincide with 


the assumed values of the procedure is repeated with corrected values. 
At the bottom of Table 4, in line 11, the deflection Ap = = So + 4, of the boom — 


“the Its computation same pattern as that of 5a. The 


acting is 51,250 + 64,950 = 116,200 lb, and a set of values of 6 is | assumed kn 
oe _ and given in line 1 of Table 5. Again, if the results do not coincide with the 


oe _ assumed values of 6, corrected values are substituted . The values of A (which © 


ees 4: is the deflection of the boom due to live and dead load) are given in line 11, 
Table 5. Comparison with corresponding values of that the live 


load ‘reduces the deflection by as small amount, namely « Ap 


8. Nites, Assoc. M. A Am. | Soc. C. E. .—The method of computa- 


mi _ tion described in this paper is is very ingenious, 18, and should prove to be a grea 

= timesaver in the solution of many types of problems. Although the author ~ 
, has shown applications to both beams and columns of single span, , he has failed ree 
to warn the reader that his method ‘is not. directly applicable to 


_ by the use of the three-moment equation, the method of moment distribution, 4 

an equivalent 1 method. Perhaps the most: awkward member of this type, 

a; from: the point of view of the stress analyst, is a continuous beam of nonuniform hate? E 

section that is subjected to combined bending and compression. 
handled most Teadily by the method of moment distribution, proper allowance 
ra being made for the effect of the axial load when computing fixed-end moments — 
and the carry-over and stiffness factors. The computation of these quantities — 


for members of ‘nonuniform section by published is a slow 


ae members, for which the bending moments over the supports ‘must be obtained 


his numerical examples the divides the beam into ements 


length. greatly simplifies the work, and is nearly always 

when the transverse load (or “ ‘angle change’ ") can be completely represented Es 
asn smooth curve. ot all 

concentrated loads are present, much of the advantage is lost. Q In fact, the a 
author’ s method becomes practically the same as’ that described, * the only 
Ete differences being i in the method of recording the computations, and i in the more 
accurate, , although more e time-consuming, method of allowing for the curvature 
2 of the loading (or “angle change”’) diagram, which the writer treats as composed = 
Prof., Aeronautic Eng., Leland Junior Univ., Aero. Stanford Univ., Stanford 


“Airplane Structures,” by A. 8. Nil J J. 8. Newell, 2d Ed., New York, N.Y. 
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formulas from 3 and 5 that require division by 6, 12, or 24. depending on 

om the shape of the angle-change | curve. ‘a It , would seem simpler to include th 

“factor 6, 12, or 24 in the “common factor” by which the moments or deflec- 
tions are to be multiplied to get the final results. — _ This would result in most of Pie 
the: values i in _ tabulated computations being 6, 12, or 24 times a as s large as 


Care would to be taken, however, use the same factor the 
span when part of the loading curve was straight and part curved, but in any ; 
given problem it would be easy to multiply the formulas of of Figs. 3 and 5 by 


in order to obtain a common denominator for all the formulas eed’ 


In some of his is examples (as in Fig. 1(d)) the author computes the actual 
value of the shear at the left end of the beam before computing the shears at _ 

* other, points, whereas in others (as in Fig. 1(e)) he starts the shear computations “ 
froma an arbitrarily assumed figure and makes a final correction to the bending ar 

moments, if necessary. The writer has two objections to the latter practice, 
although it seems to be preferred by the author. The first is that it is often — Pa% 

oe _~ necessary to know the shears at various points along the span, and, in the latter a, 
practice, it would be necessary to temember to correct the values originally 


found to obtain the true ones. Pam: his could be done easily, and the objection 
would be unimportant if it anatr alone. The more serious objection is that — 
the practice eliminates a valuable internal check on the computations. — is If the 


that ot stated in the soonsieen of the problem . If the two reine are not in 


substantial agreement, an error has been made. In the method ¢ of Fig. 1(e), 


wae it is partly due toa a numerical error of computation, Since the actual shear at 
the left end can be computed quite enaliy, the cheek, Obtained the 
_ additional work involved in usingit. | 
ae writer notes that the author has reversed the usual convention and 
considers that loads’ are positive when they act upward, He heartily indorses 
? _ this practice. He wonders, however, why the same change was not made in 


conventions for slope ¢ and deflection. 


ination of the minus sign sw the definition of “ angle change” as 
that sign is not essential. It is there o only to > reconcile some indopendentiy 
oe assumed conventions which b proved to be lacking in logical consistency. Iti is 
a Ro really much simpler to assume upward loads and deflections as positive. — “hd Then 
one can differentiate the equation of the elastic curve four r times, obtaining be 
~ successively the slope, bending moment, shear, , and loading, without having to 


remember to reverse signs arbitrarity at various 


raight segments. In most. practical problems, howev 
the greater accuracy of the author’s m ems, however, ‘the value of 
ethod of allowing for this factor is 
— 
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— 
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‘DEFLECTIONS AND 
is in n conn ection with In his paper t the 


author terms the quantity, — , the ‘ “angle Actually, as he 


he is using that expression as an allowable - approximation for what mathe- 


maticians call the ‘ , in which r is the radius of curvature. 


cS the mathematicians already have given the quantity a name, why was it 


necessary to ‘Techristen it? It might be considered awkward to openk ofa ce 
‘curvature curve,” although the expression should be quite as clear as “angle- 
change curve” ; and “concentrated curvature’’ should be as clear as ‘ ‘concen- 


angle ghange: What the author has: termed “angle change’”’ is really | 
‘rate of slope change,” and the latter term would really be preferable to the Bi 
"former, if “curvature” is to be replaced by something else. = 
eee In studying the numerical examples, the writer was u unable to verify oS 
ae the author's figures. 3 In Fig. 15(a) the equivalent concentrated angle change _ 


o at the section of change in moment A inertia is shown as —404. 90. eal 


At 


AG 


assuming the distributed angle-change curves produced to have o edinates 
- one tenth of, or ten times, those of the actual curve, in the adjacent segments picke c: 
orem of the beam. © ‘On this basis, the concentrated angle change in question would eka <4 


be - “(BX 513.5 + 10 X 808.6 1 X 91.0 +3 X 


value and the author's is of no practical consequence, but it would be interest- 
‘ing to learn whether the figure in the text was computed by some other method. 
ee 5 _ Although the author’s paper is subject to the foregoing minor criticisms, -) 
ce: he deserves much credit for r developing a valuable new tool for the use of the ae a 


Soc. C. E.—The metho wil 


by and the determination of ordinates to | influence lines 
one of these. It is readily applicable because influence lines can be con 
sidered as ratios between corresponding deformations. Furthermore, because 

ae only : ratios are required, the various “common factors” may be disr egarded, ome 

Ab and scales may be adopted and changed to suit convenience at any step eae 

the consecutive com utations rovided relative ‘scales remain the same, 
The moment diagrams a1 are bounded by straight lines; therefore the results are 

accurate for straight-line or parabolic variations of moments of inertia. > 

other variations satisfactory approximations may be obtained 

ey ai The writer has computed influence lines for three typical cases, shown in Rae 

‘Figs. 33, 34, and 35, and a study of these calculations will show readily the te a 

relative. ease > of the we work required. The conventional calculation methods 

the | same steps, but by applying the author’ 8 the amou mnt 
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as for Moment 


Equivalent Concen- 


trated Loads 
Assumed Aver 


aed 


Correction 80.47 - ~126.70 —160.93 16 241.40 -281.83 321 

Upward Deflection 350.1 88 —362.71 315.31 — 


a 


be 
0886 0523 0.219 0 


— 
— 077 338 300 300 450 79 3, 
—100.00 — 14896 — 168.08 81.08 40.55 427074 
09 —402.33 —442.56 
— 
of V at Support C or a 


— 


Amt 


2 Pa 1.04, + 0.775, + 0.448, + 0.161, 0.000, — 0.090, — 0.077, 0.000. 
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‘ elastic curves of the e simple beam AD - The first elastic | curve is for a unit 3 
load ‘at Cc acting downward. ~The second elastic curve is for a concentrated 
load at B chosen to nullify the deflection at B. This is accomplished by i 
_ prorating the deflections due to a unit load at B acting upward. The procedure 
= be extended to any number of supports. It may be of interest to note 
that for a structure comparable to that of Fig. 35, but with vertical columns 
continuous at B and and hinged at their bases, conventional methods 


furnished the following influence ordinates: 0.000, + 0.617, + 1. 00, + 1.16, 


aa cing built has made it essential for the designer to familiarize himself with the 
of moment devised ‘by Hardy M. ‘An. 


of 


N, oc. M. Soc. ©. method of 
a ‘making successive approximations : for the computation of stresses a: and deforma- 
tions is described in this paper. The method of successive approximations | 
is exceedingly useful when sections of members carrying loads vary along the __ 
a, span length and when the sectional variation is difficult to express by a ample oy 
ei mathematical formula. — ‘The pr problems solved by the author clarify the prac- oe 


tical value of the method. 


met A useful addition to the cases considered by Professor Newmark : might be” 
oe the case of a member resisting a bending moment applied at an intermediate 
section between | the ends. This case may occur in the column that 


: 


‘member was divided into six pas follows on is 1218) 


Cross, Trane- 


Associate ‘East. Depts, Div. of State Dept. of of Publie, Works, 


si availed ri ti 
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int — 
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=a 
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@ 
“Stillness and carry-over factors, and ed for having produced a useful 
| Professor Newmark is to be congratulated tor — 
— 
— 
oF 
— 
— 
— 
iii 
— 
— 
i ions, the stresses and deformations in member AB, 
Momenia.” by Hard — 
Continuous Frames by Distributing Fixed-End N 
— 
— 
— 
— 


2 4 
Assumed As Average | Slope, Part j - -17 } iia 0 83 Lith 180 H x 233 fan a 


Deflection Due to Moment M = 100 
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Fie. 36.—Rusrramine Moment Propucep sy Moment APPLIED AT A Bram Surrorts” 


Myron L. Gossarp,” Jun. Am. Soc. C. E.—The numerical procedure for 
finding deflections and slopes of beams combines fundamental concepts of b 
a = elasticity ar and geometry, simplicity and accuracy of method, and clearness as ae +e 


~, 


ke 


follows closely that of computing shear a nd moment diagrams, certainly will 


make it valuable to both structural engineers and engineering students. The 
application of the method i is is particularly « effective i in the analysis of continuous | 
ae frameworks where it is necessary to determine certain beam constants and load 
ss constants. The author’s procedure seems to possess all the advantages of the — 
of the column analogy when to beams, and gives a leaner 


to arrive re at ‘a procedure which, iti is believed, is somewhat more 
_ venient for finding stiffnesses, carry-over factors, fixed-end moments, and de- 


flections of members of continuous frames—especially unsymmetrical members| 


rage “Continuous Frames of Reinforced Concrete,”’ by Cross and N. D. New York, N. Y. 


# _ Stress Analyst, Airplane Div., Curtiss-Wright Corp., Louisville, Ky. te 
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— | 
— 
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— 
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— 
‘Ste 
. 
— 
— 
— 
detiections directly as does the numerical procedure. 
— 
— 
— 


that may be subdivided i into o segments that: can be che by “ yndard”’ 
beam forms. The “standard” beam forms are those shown in Fig. 37, where a 


the haunch curves may be e either strai ht lines, half quadratic parabolas, or 


dou £90 


(e) TYPICAL NOTATION 
Fie. 37. —Sranparp Bram Forms (Beam Onty), Trpzs 
< half cubic parabolas, with vertexes at the shallow end of the beam. Following 
"Professor Newmark’s 8 numerical procedure, sets: of curves to 38 


Fie. ar One END a Bram Dus To a Moment AppLizp a? THE Exo 
Bee Figs. and 


igs, — 
— 
| 
| 
| _ 
| 
Pee we U ny th ¢ ‘ot any section, the moment of iner 


as the power of the | beam This assumption seems to the writer to be 


valid and sufficiently ; accurate for both structural steel (plate girder or I-beam) ye re 


reinforced concrete (rectangular or T-beam) construction, inasmuch as the 
exponent must lie between 2 and 3 for these types and some error in this respect 
does not appreciably affect the results of analyses.” Fig. 38 is for the case 
moment applied : at one end or the. other ond ofa 37(a) and 


ae 
wn) By. 
0.03 
0.02 
we. 
8 0.01 


= 39. —SLoPE aT Enp A Dur TOA © a CONCENTRATED Loap (Bee Fig. 37(c)); on Der.ecrions 
THE Bzam Dvuz To 4 Moment Appiiep aT A (See Fig. 


ET, 


Ma, in terms of - } For the p purposes of a solution, 


the slope a at B due to M ag Fig. 39 is typical of ‘curves § giving the slope a at o ae os e, 

due to a concentrated load P (Fig. 37(¢)), in terms of curves of 


Fig. 39 also give e the deflections the to My (Fig. 37(a)), i in terms 


of » by Maxwell’s law of ‘displacements. Curves similar to 


those of Fig. 39 (not published) were for straight-line and third- -degree 
= parabolic haunches; and for the slope at B due to a concentrated load P (Fig. ae 


i rid “a 87), the latter set of curves also giving the deflections a along the beam due a 


4 
J 
Of a case et the twee in Fig. 40, representing: 


Reinforced Concrete,” by Cross and N. D. Morgan, New York, N.Y 


— 

— 

— 

— 

— 

— 
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arenes A to Ma 
at B due to M 


slope at B to 

= The deflection at C due to oat A 
om deflection at C due to M , which i is esua the slo 


ee 


a derived. However, if deflection is not important or | if “highly accurate’ Pi ig 
- deflection curves and influen nce lines are not required, : a considerable amount of me 


s the work can be eliminated. os Fig. 40(a) shows the beam to — made up of three “ 


a each segmental junction or “joint” to become the “equivalent concentrated Pe 


angle changes” from which the average » slopes an and string ‘deflections of the 25, % a 
2 ij oints are obtained as in the fundamental procedure. To the string deflections i 


Fe 40) show the calculations and deflection curves for M4 = 100 and M sp = 100, 
In ‘Fig. 40(d) the simple beam ¢ deflection cu curves are combined 
ys ‘to give curves of deftection for end moments s of 100 with the. far ends fixed 


‘included to illustrate the procedure for finding the influence line beam-center 
e "deflection which is always close to the maximum deflection in both simple or wt 
a continuous beams. By proper combinations of Figs. 40(0), 40(c), and 40(e) 
the center deflection for any load condition o on the continuous beam nay be 
zomplete the discussion there follow the ‘calculations for moment- 


‘apes 


distribution constants, fixed-end moments, and simple beam ¢ center deflection — 


_ influence See and distributed loads, the area under a curve is approximated by 


to.. 


qual tothe slope at A 
“ 
J) The deflection at beam-center due a concentrated | oad 4 a 
ioe ee An example of what may be encountered and what may be done with the a ae 
aid of such data is illustrated in Fig. 40, from which all the information neces- 
— 
The trapezoidal moment diagram for each elastic segment as a part of the whole 
En ee _ is divided into two triangular diagrams; then end slopes and deflections for each ee _ 
segment due to each of its triangular moment diagrams are taken from the 
— 
: 


Mogens 


0.0626 

j0.0465 0.02023 0.0833 


String Deflections 5.08 uta 470 br ain tons 


vs 
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0,12} —2.83 42} ; 
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Deflections duetoMa 0-082 —3.46 


tal 
tions as (3) 
Equivalent Con- (1 
 oentrated 


“Average \Slopes 0.0524 
String Deflections 


Bi 
a2 0 


ey 


0.00700] —0.0198 

—0.01710: —0.0010 


0.0069 d 
0,01695 


—0.0502 


75 wi 0.835 Ry 


— 
157 15,0 125 We ay, 


applied at the other ‘end, when one is fixed 


Assuming positive rotations as ‘clockwise, the rotation at one end of eee’ 


- sim mple beam, due to unit sehen ‘moment applied at that end or the op] opposite 


El, 


0. 1731 


34, the stent letter of the cabkising denotes the end of the beam where ag 


: at end A when end Bi is fixed, is 


> 


4 


os 
Ti 


Leo, 08 + 4(1. 25) 92) +0) 


= 0.371 we L 


99 + 4 (1.25) (1.78) + 2 (0. 53)] We = 0.697 


0.37 Ly 4 (1.83) + 0.98] w= 0.620 w 
= 2.045 w L X = = 0.193 w 
[1.99 + 4 (1.96) + 1.34] 2 = 0.913 0L 


= 5.224 w wh x 9.00 


— 
— 
Wie 
‘s 
— 
— 
— 
— 
— 


 — (1.5 ©. 0021) + 4 (1.25) (0.0098) + 0. 0161} w, = 0. 00341 w We Re ae 


— 0161 + 4 (0.0187) + 0. 0178] es 


] 
[0.0178 + 4 (1.25) (0. 0116) +2 
0.04 (1.53) (0.0011) 


= 0.01300 wl 


+ 4 (00179) + 0.01 178] w 


—¢ (0.0178 +4 (0.0138) + 0. 008] 2w = 0. 00662 w L 
1.75 w L (0. 0.0254 wh 
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Lack of space prevents the of the various curves 
in ‘inthe discussion of Fig. 40. In other respects, however, the writer has entered 


more detail than is is necessary | in most the pro 


ar to combined axial and bending loads (commonly called beam columns) the x vs 
: ye effect of secondary moments caused by end thrusts cannot be ignored safely . 


an When the beam column is one of a Series of members comprising a ‘@continu- * 


magnitude and sign of the axial load. 


> 


erat _ For the case of variable section, evaluation of these quantities is greatly 
facilitated by the use of procedure, details of which are 


1920 ON DEFLECTIONS AND Mon 
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— = 0.00478 
= 0.01300 w, L x = 0.0130 
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From Fig. 10(c) 
Assumed 


OOOO 


Bo) 
| Ss 


fiw baad 
Final we 


129, 


Ma = — 0861x180 
Total Slope, 180, Mp 155 


hE 


Carry-Over Factor =—O0861=C, 


Stiffness and Carry-Over Factors for 


Bed Moments from fEodB, 
‘A snd B Restrained from Rotation 


1222 


Determination of the elastic constants ‘requires tl the computation of the end 
slopes at A and B (Fig. 41) due to end moments applied separately, first at vy 


at t B, including t the effect of the given axial load, P, in be both cases, assuming — 
4 beam to be simply y supported - Initial deflections, Wi, and corresponding 
slopes were obtained from Figs. ‘10(c) and 11(6). The first trial is shown 
detail for end moment Ma, the intermediate trials omitted. Final 


Trial Moments, Parts ()and(2) 0 18 330 
Ordinatesto Angle-Change Diagram 0  —87.5 —106.7 _ —45. 

Deflections, w; 221.7 3616 396.9 188.5 @d4/(180 E Ie) 


Assumed Average Slope, Part(i) 38.7 200 —03 —17.0 —28.2 | —33.5 BI.) 


43 —Dartactions anv Bunpina Moments vor Loan Coming wirs Axis, Compression 
42 illustrates the determination of stiffness: and carry-over factors and 
: rigidity from the results of Fig. 41 by a method similar to that of Fig. 11(c). ag 
(The formula for end moments in Fig. 42(c) is easily derived. 
For determining fixed-end moments the additional quantities needed are the 
end slopes of the beam, assumed simply supported and subjected to the given 5; 
ae lateral and axial load. Fig. 43 shows the calculation of these values for a 
triangular lateral loading condition, intermediate trials being omitted. 
‘The computation of fixed-end moments, shown in Fig. 44(a), utilizes the 
data of Figs. 42(a), 42(b), and 43 and the same general principles previously 
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Tine 
= 
— 
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“4 

5 
pot 
‘= 
a 
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— 
— 


in of the elastic Fig. 440) th te 
sultant deflections | and | bending moments for fixed ends and axial load are 
a _, Asa check, the bending moments of Fig. 44(b) are used to obtain the results 


me of Fig. 44(c), the computed deflections and end slopes differing from those of 
«Fig. 44(b) by a maximum . of about 2%. : Much of the work was. done with a 


. slide rule, the remainder with a 10-in. rule, off zi astto 


915i 


pes, Beam “a 
= — 4.281 (— 0.341) 3.00 = — 4,281 9X 


Deflections due to Triangular Load 0308480 


“2 


Moments due to Fa + Fe 


Check Values of Delections and End Slope ater 


—30 Mie 


oft Fig. i ror Taunaviar Loan 


" In all cases where the value of w, We for the fir 


Bar 


— of two trials 5 gave & value of w 2 80 


» computed fror from Eq. 4, was to i increase the s required number of trials 8 to oe 


"Tn comparison with other procedures devised for this” type problem, 


ood results, and is more easi easil 


‘a 
— 
7 — 
iim 
7 
gar, — 
‘ 
— 
— 
— 
ON: close to the value of 1’, 
— 


sented by Professor Newmark, for computing a variety of important elements es iF : 


a ai in structural design cot constitutes ; quite an important tool in the workshop 0 of the — 
ot practicing engineer. Fundamentally there is nothing new in his basic idea, i 


ae but it has taken both vision . and a live imagination to see how neglected this ce 


idea was and how extensively it might be put to work. 


J 


As very often i is the case, the father of a wr! method knows his ‘child so Wap 
well that he can describe it only indifferently. Thus it would have added to a is 
a: the usefulness of the paper, if the relationship between the differential equa ec oe 
oom referred to in the Synopsis and the new method had been more clearly — a a 

outlined or described. This would have | given the reader a better chance to y 


- generalize and extend the procedure. It also would have helped to make oat 


5 reading and understanding easier if there had | been fewer: “* * * the calcu- — ie 
lations are self-explanatory.” The procedure can be discovered after some 
— eh vg work; but if new ideas are to be spread and not forgotten they must first be - 
ca ‘ — promoted . To use an old sales slogan: “A new thing will not sell itself; it 


a requires a good sales talk.’ "At least one illustration, perhaps two or thre, % 


ultimate service grace of the method are the same either way, but 
aa enthusiasm would have been greater if the invitation to a delightful p program <e 
es would have been more convincing. A delightful program it seems to be, if one se 
judge from the many fields: to which the method has been extended— 
ee moments, slopes, deflections, point loads, ‘uniform loads, variable loads, axial sy 


‘ es loads, critical loads, and buckling loads. — What more can mere man desire— a } 


should have been explained, point for point, with nothing omitted. Then the 
= en > remainder would have followed easily, and new problems also could have been 


: 


ag The reaction formulas for the-variable loadings by} Nédai and Southwell are 
a fe: ae good to have; and better yet it is good to be shown how they may be used to oT aie: 


advantage by the Newmark ‘method. The formulas and how they 
_The writer has not yet had a chance to apply Professor Newmark’s method er: 

to any commercial problems, but he can well remember many problems from 

fi past experience for which he would have been grateful to have this new 
a etre _ information; and he feels certain that many of the younger « engineers will be 


equally grateful when they are faced with similar problems. nt 


Ww. M Am. E- ——The method of Solving certain ag 
problems of deflections ‘and buckling loads by successive ‘approximations, pre- re- 
sented in this paper, is based on wed and sensible idea that moments 


ue and loads cause deflections and deformations of the members subjected tot them, re oes 
Eo and, as 80 often stated by Hardy Cross, M. Am. Soc. C, E. , and others, both ‘ele: 


Gi: 


its 
statics and geometry must be satisfied. In other wor 8, ‘the deformations and 4 
ae the causes of those deformations must. be consistent with each other. If a ca Fee: 
shape of the deflected member is assumed, but moments accompanying ‘thee 
Associate Prof., Civ. Yale Univ., New Conn. 
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ee 
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ae 
= 
J 
4 


et - course the assumed shape is wrong. However, it is obvious that sufficient data ‘ 
i Et wee be found from the first trial to make a better guess next veto’ thus a 


_ it through the eyes of the ordinary man in a typical engineering office. wrhiAdie 
if it is desired to introduce a new method of analysis, or a of 


If the ordinary reader c cannot general features and if 


‘ _ thinks that the procedure is very complicated, he i is not likely to give it serious _ 


If of the when he does study them 
seriously, he will not be sure that the method can be trusted in new ee 


ng If he is is to learn to use a method ass a » tool i in his’ work, it must be ‘eidapta,: 


4. Tf hei is wi develop facility: in handling the procedure, he | must aE i 
oa This he will seldom do unless the method, as a tool, is applicable for solving — 
4 problems wi with | which he frequently comes in in contact and which he must ares va 


va The writer will eo to : state his reactions to Professor ‘Newmark’ 8 propose 


method by discussing how it seems to meet the four preceding 1 requirements: ; 
Seren 1. A study of the paper gives ‘the i impression that the presentation makes 
Fate the method appear more complicated than it really is. It is natural for any one — 
_ who writes to believe that what is obvious to him is also obvious to the reader, 


However, such i is not the case in many instances. % It i is that the 


“ the “fictitious stringers” in computing moments i in beams and the suptioition. 
of this procedure to the calculations of ‘slopes and deflections when angle 
changes are used as loads. Of course, the explanation given | by Professor. 

Cross and N. D. Morgan, M. Am. Soe. Cc. BE, is cited, but one ‘illustrative 
: problem showing this basic method more in ‘detail ‘would help to make the 
_ paper more complete i in itself although risking repetition to the expert theorist. 
By its very nature, the paper is one that cannot be read casually and yet be 
appreciated. “If the difficulties which it avoids were called to the 1 reader’s 


— attention more forcefully, it might encourage him to give the paper the serious — 


—-. The writer decided to ‘check 1 most. of the detailed work i in the illustrative 


at least, hurdles which may biedicls. 
“him in developing complete understanding | of the work an confidence in his 
Bs 3 ability to apply it independently. ‘Some points which may be useful to 


curve is horizontal at the center of the span e enables one to 
= 


— 


ag DUNHAM ON DEFLECTIONS AND MOMENTS = 1225 
— 
As tor the practicability and importance of the author's method, the writer 
_has tried to look upon it as a tool for the desioner to use and has tried to see 
— 
— 
| 
— 
ae 
— 
| 
= — 
f 


q 


being positive because the tangent in that section elopes downward 


toward the right: whereas the other side is is the | opposite. In Fig. 
¥ fears also, it might be advisable, as a first case, to label the last two lines of eee 
 aatety, the calculations for deflection as follows: Average Slope (Shear); De- Bre ee 


(b) more solution would be helpful in Fig. 7. te rs si 


derived using Fig. 5(0) values of the ordinates to the angle 

re ‘3 @ In Fig. 18(a), it might be. well to give the reader some idea of how ea) ME 


a. id i ie make his first guess of the assumed average slope, Part ay Here a good 

assumption would be about half of the sum of the | distributed angle 
changes. However, in Fig. 19(a), appears to be the ay to 

determine a suitable starting value. 

(e) The force 2 P in Fig. 19(a) should be shown clearly to be applied at the 


va bas fourth division point. it would also be helpful to show the following 
for the computation of moments, as for the value 175 at the first division 
point: The rotational moment due to the deflection of the point of 


application of 2 Pis 2 P ql, 1000 a) clockwise; the end reaction (vertical) 


due to this moment i is 2 P (i, 000 ) a) + 10 = 200 acting eounter- 

4 ig clockwise; and the moment at the first division 


procedure rather than to show special short-cut methods for particular ‘cases. 
A thorough understanding of the: basic method is “desirable, If it can be 


4 


and 20, showing how to derive a scale for the value of a. 
3. The general method shown in the paper is really a 

_ standable. However, it seems desirable to adopt one standard set of details of ihe > 


4 


mastered thoroughly, one need seldom worry about the fact that a modification 

= = of it may be more efficient in a special case. It is wise to have the men in an ies. 

Bee - office a able to use basic procedures correctly an and to be able to check each others’ — ie 

work without undue disputes as to refinement of methods. Furthermore, 

aN. assumptions that must be made in practical work regarding magnitudes of ah oe 

SoA loads, their directions, their points of f application, conditions of end restraint, re 


original straightness of members, span lengths, and the properties of the cs = 


5 


materials introduce so many approximations that it seems unnecessary in most 


cases to refine the calculations for curvature of loading diagrams when the 
4 Res 5 At straight-line ‘approximations m may be far more correct than the basic « data from Ae 


7 which the computations are ) started, Would it be more beneficial to confine an 
_ ag the method to the use of substitute straight-line moment diagrams and to sao 
its application more fully by : numerical cases? This might make it 
very ¢ easy to remember and to apply. The arrangement of the calculations a AW 


> 


— 
— 
— 
— 
“hes 
— 
> 
4 
q 


spartans except i in special c cases. As for its use in 

- it seems to the writer that the buckling loads are seldom of great interest to 

the designer of ordinary structures although they may be important in the 

oo design « of machinery, airplanes, and similar structures : requiring special fine- 
and care in their: design. In. ordinary structural work, the designer 


Zee “under which it must act. _ Generally, he is not interested i in its ultimate buckling ee 
load. Therefore, the field | of usefulness | of the proposed method may be rather i 
A ree How ever, te author is to be congratulated upon developing such a simple 


 N. M. Newmarx,*” Assoc. M. Am. Soc. C. E—The suggestions, criticisms, 


a = examples of the application of the numerical procedure tos peelta roblems 
‘The use of the procedure to obtain elastic constants for beams is illustrated A 
by Mr. Johnston, His suggested is applicable to problems i in which 


mined from the concentrated angle-change loads. . In this way the 


. stants with a a comparatively small number. of segments i in the length of the beam. 
#, __ Influence lines for fixed-end moment may be obtained from the deflection 
curve for a beam with a unit rotation at the end, by use of the so-called Miller 
a Breslau principle. Consequently, it may be convenient often to « compute de- 
ee rhe flections even in problems such as those considered by Mr. Johnston, ie" 
$4 Professor Ketchum has suggested a way of estimating the additional de- 
an flection due to the e end th thrust when a bar is subjected to lateral load and end Me 

thrust. ‘His procedure amounts to assuming. that the buckling configuration 


ail. 


ably good and leads to fairly accurate results. 
In order to correlate Professor Ketchum’ 8 ‘that suggested 
by the writer, | one can determine an. approximate value for the critical load 
se from Eq. 19d, as the average ratio between the m moment due | to the lateral load fe: 
re and the deflection due to the lateral load. In order to estimate the additional me a 
deflection to be used in the numerical procedure, Eq. 4 can be used with the a 
approximate value of the critical load determined from Eq. In many 
cases this will permit a problem to be solved without ; going through the routine 
_ of determining the critical load first, and therefore the suggestion is an impor- 


It appears that the proposed method: is useful in determining thé de- _ 
Sor fey make it seem desirable, or he chooses one by using various approximations, and’ oe = a 
! 
: 
— 
a 
will need such a handy tool and he will need 
a 
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mentioned by Professor Wilbur. Although simultaneous equations can 
written for the calculation of the deflections in a bar loaded with lateral loads 
Ee ia and end thrusts, in general it is neither convenient nor desirable to write — 
S _ these equations. In the few cases where the numerical procedure does not 
tJ converge, it may be desirable to have recourse to the equations. The fol- ae 


_ lowing procedure will illustrate the way in which the equations may be written. Frere te 
ty Let m — 1, m, and m + 1 be three neighboring points on the bar, at me oe 


distance Aapart. The following notation is used, in which the subscripts refer 


4 


= ‘deflection due to the lateral load and the 


(Wa)m = additional deflection at point m to the loads: and 
I)m = value of the product I at the point m. 
change in slope ‘point m is equal to the equivalent con- 

oan ae angle change at m; but the added change in slope i is the quantity — of: 


= + I If the moment at point m due to the axial los load 


is P[(ws)m + if the angle-change curve is a smooth curve, ‘ai 


WE equivalent concentrated angle change point m is | the quantity 
| 


ie a For axial loads, applied at other | points than at | the end of the bar, the ack: 
expression for moment is changed, and, where the a angle-change c curve is not a ae ie 


smooth the equivalent concentrated angle changes” are 


Equating the change in ‘slope: and the equivalent concentrated angle change 
a. at each point on the bar leads to a set of linear equations for the unknowns Wa 
for each point, since all the other quantities are known. 


"Since there are as many equations as Eqs. 41 can be solved for. 


Tae When the values of 1 wi are zero at all points, there is a problem of pure buck- 2 a 
bd 


== ling, and the equations are homogeneous equations which involve only the ip: wa 
a <a wa knowns w, and P, with the constant terms being zero. In order that the set pe a 
equations may have a solution different from | the obvious one with all the 
. as quantities w. being zero, the determinant of the coefficients must vanish. This ee 

42 : zy leads to an algebraic equation for P in which P appears to some power equal — — 
to the number of ‘points | on ‘the bar that can The solution of the 
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| 
yields the critical values of P to the different modes 
of buckling. The lowest value of P i is generally the only. one of interest. 


Ba _ From this discussion the reader m: may be able to see why it: is desirable to 


: a cations it is desirable to have a formula for the magniieds of Ra, which was 
not given by Professor Wilbur. This quantity is defined by the ye 26 


equation, using the same notation mn that was used by Professor Wilbur. beh mi 
[a + bly +2 Is) 
‘The equivalent concentration at point b, eee Ro, which is is equal to Boy +R 


4b te) (b- 


in some cases it may be desirable of segments of 
one particular length for part of the beam and of another length for the re- 
_ mainder. In such cases, one can use the formulas that apply to segments of 


- constant length in in order to obtain the equivalent ¢ concentrations, by working 
from both sides at the point where the segments change in length. 


of ‘calculating the | proper equivalent concentrations at the chosen 
division points to account for the actual conditions in the segments between 
division points. A simple example of such a procedure is shown i in ‘Fig. 45 
in which moments are calculated for a given | distribution loading. “The 
game type of procedure is used for calculating deflections from angle changes. cS 
ae ae _ Regarding: the calculation of the critical load for ab bar composed of seg- 


‘mente of ‘different moments of inertia, Professor ‘Wilbur has given a correct 


in the moment of inertia, however, the formal paeiies of the differential equa- 

au tion may not be convenient. Even i in this problem, the determination of the : 

eritical load requires the solution of a ‘transcendental ¢ equation which | may 
take considerable time for an engineer unaccustomed to solving such problems. 
For practical purposes tl the results so obtained are not of any greater 2 accuracy 
To summarize: Special problems can be eae by use of procedures such | 
BG as those i illustrated by Professor Wilbur, but a different technique i is Tequired 5 


each case. the procedure only on one technique i is ‘Tequired 


ia 


wa — 
3 Which avoids dealing with the 
Williese has given formulas for the equiva ent con 
Professor Wilbur has given form — 
— 
— 
— 
— 
— 
— 
— 
— 
— 
lysis that the writer sought to avoid w 
ver, it is precisely 8 problem it is not too compli-— 
4 
— 
| 
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FI 
Mr. Stewart illustrates the use ot the numerical in -eomputing 
4 es constants to be used in his particular method of frame analysis. The writer ory a 
Biss cannot concur with his statement concerning ‘‘basic” constants of beam ae 
ure. The distinction between ‘basic’ and “derived” constants. depends en- 
 tirely upon the point of view of the person making | the In one 


ees 


— 4075 - — 


ay 
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odd. @ Calculation of Moment at Division Points 


“Moment be babiows 71250 90000, 60000 2 
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omen ‘at 


cedure certain constants may be basic” and in another procedure catrely 


constants may be “basic. From. the writer’s point of view, the 


and carry-over factors in Professor Cross’ moment distribution pro- 
oe cedure are fundamental and basic constants from which any other constants — 


ed in other methods of analysis ¢ can be ‘derived by simple equations. — One 


can determine these constants by experiment or by analysis—by 


preferably, in eases | where there are marked from Hooke’: 
where there is slip at joints ¢ or other phenomena not readily amenable to 


oe _ However, ‘it was not the object | of the paper to discuss t the merits of dif. 
ferent methods “analysis of frames. The procedure can be used, as Mr. 
= Sehr Stewart himself has shown, to compute the beam constants ton 743%) of the 
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proce 


“critical load for the boom could Abe been made by : assuming s some pcenhoen, 
moment of inertia, say, that i in the central section. Since the 


‘ _ In connection with Mr. Fraenkel’s discussion, it should be noted that the 
- effect of longitudinal thrust cannot be superposed on the effect of lateral loads. __ 
Moments must be computed for each complete loa ding. That is, the effect 
2 he of live loading cannot be determined from the live loading alone, but must be 
sy determined by computing the difference between the effect of the combined 
dead and live load and the effect of the dead load alone. of aldatgonoe 


The writer wishes to thank Professor Niles for his kind remarks « concerning — . 
the numerical procedure. As Professor Niles states, for continuous beamsthe 
numerical procedure i is not directly applicable without some additional work. # 
: However, one can compute constants for use in any y of the standard methods o 
analysis for continuous beams—for example, moment distribution, the three 


‘moment equation, or the slope deflection method. Then, use of f any 


thrusts as well as lateral al loads, th the calculation of the beam constants is 
tated: greatly by the | use of the numerical procedure. Mr. ‘Williamson has 
indicated ably an application to such a problems 
oo It i is always possible | to use segments of of constant length in the analysis, 
even when unequally spaced concentrated loads are present. i This is illustrated — 
a by the problem solved in Fig. 45. Where discontinuities i in section occur be- 
ne tween division points, one prac can n estimate reasonably | well the ) equivalent 


ye can be derived readily by eamaicnentlon of the ‘sub-stringer between division *% 
points. if one finds the equivalent concentration on the ‘sub-stringer a at the: 


2 the equivalent interior concentration and proceed from that point with seg- 
ments 0 of equal length. i However, in in most ¢ cases, taking short segments may 


s the equivalent concentrations and to use e them instead of the ordinates to the | 
ie As | Professor Niles has indicated, the formulas f for equivalent concentra 
‘tions 1 require division by certain factors 3 In his numerical problems the writer 
has taken this factor as a part of the “common factor.” In many cases it is — 


to do 80; in others: it is worth while to ‘actual 


Fraenkel’ use of the numerical ure in his analysis of a derri 
the numerica ure in hisanalysisofaderrick 
is interesting. It can be seen from ms analysis that the effect of the 
pis Bens longitudinal force in the boom on its deflection is relatively negligible. — This ad — 
| 
— 
— 
fA 
When the end moments are known, the deflection curve for each span can 4 
| — 
— 
— 
— 
— 
a a of unequal length), one then can determine the sub-stringer reactions due to — 4 Baad 
— 
In most practical problems one can use the short-cut procedure for making 3 
the correction to the moment diagram without serious error. It is only when pe 
| 


“a 


NTS 


; to prove to self that this quantity 
not differ materially from the ordinate to the actual distribution curve. med 
The writer has no liking: for any particular convention of signs. In his 


1 
own work he uses different conventions at different times. Since deflections 


ce Sieh, are considered positive downward in most engineering literature, they were = 


considered positive downward in the paper. It is simple enough to change 


; a ae og the sign convention to one that seems better for a specific purpose if if one wishes — 


Niles objects to ‘the use of the term ‘ “angle change.’’ ’ However, 


it seems to be descriptive e enough of what is meant and it avoids somewhat 
 eacophonous ‘terminology, as. for example, ‘ ‘curvature’ curve. The term 


“angle change” is used among structural engineers, and the writer can claim 


‘no credit nor take any blame for developing{the name. It would be just 
aeceptable to call the quantity the “rate of slope change.’ back haw 

numerical value that Professor Niles refers to in Fig. 15(a) was com- 

by means ‘of the following formula: — 404.90 = —— (7X 8036+6 


= 513.5 1X 0+7 X 80.36 + 6 X 91.10 X 97.75). The writer used 
: this formula rather than the one that Professor Niles used since there is 4 y 
discontinuity in section of the beam at this particular point. It will be noted tea «CS 
Professor Niles’ formula requires multiplying o or dividing certain ordinates 
: the angle-change curve by 10, whereas the foregoing expression uses only 
a  * actual ordinates without modification. As Professor Niles has indicated, 
the difference i is of no practical consequence. heal! 


v use e of the procedure to compute influence lines i is illustrated ably by 


In this connection the influence for moment at a fixed end of a 
beam can be obtained directly from the calculations of the elastic constants. 
example, in Fig. 10 the influence for moment at the left end of the beam, 
cs k - when the left end is fixed and the right ¢ end i is simply supported, is obtained ee i 
ee _ dividing the deflections of the various points by the slope at the end of the anal alg 
3 beam. T That is, the influence for moment at the left end due to a unit 
3 hen computing influence lines for continuous beams, the writer generally 

alle 


considered, finding the fixed-end moments, and distributing these moments to 
obtain the moments over each support. Then the deflections of the structure 


prefers the procedure of introducing the required discontinuity in the span 
in each span can be determined readily. In certain instances, however, 


might be more convenient to use ¢ the procedure given by Mr. Weiss, although 
ae combination of the deflections due to the reactions at the various points ee 
= Bl ide _ may lead to results which are the differences between large quantities and which, 
therefore, may be relatively inaccurate unless calculations are 
4] 


carried to a a large number of significant figures. pars 
A i. Mr. Eremin has illustrated the use of the numerical procedure for a problem — oy | 
in which a moment is — an — in 
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_NEWMARK ON DEFLECTIONS | AND MOMENTS 


Gossard uses the to obtain constants for haunched beams 
=o with Various types of haunches at the ends. His application of the mete 
is interesting. However, in view of the complications involved in such a eS 
cedure, it seems preferable to the writer to compute the constants for the bea 
_ by the numerical procedure directly, rather than to fit the different parts 
3 — _ Whatever is done will depend upon the designer’s personal sapere 


_ Mr. Williamson’s able discussion is appreciated. His illustration of the 
Speer nin of elastic constants for a member carrying axial thrust is a valuable — 


addition to the dere and suggests further applications i in the field of aircraft — 


oe set of calculations which lead to giaphien! relationships in the form of curves. 
With these data known, the analysis proceeds it in | the manner, 


: _ With regard to Mr. Oesterblom’ s comments, the writer would like to state ve 
that using the procedure— e—that is, the ‘actual numeric al of a 


the viewpoint « of the ordinary n man in a office, that the 
a field of usefulness of the method is limited. He would prefer, apparently, to 
have one basic procedure, without even minor modifications, to fit every case — 
Sa 8 that might arise, although he anticipates use of the method only tt evry coe 
requiring special refinement and care in theirdesign, = ~ 
o ie _ The writer is glad to have the comments of one familiar with the problems — 
_ of the designer. 4 However, he feels that t the average designer does not need 
% all his work laid out for him in such a way that all he has to do is to fill out a 
"9 form. In any case, the paper is written also for the man who decides what 
forms a are be filled out. _ There a are many me immense y 


ee! The average designer, capable of taking these things into account, is also oe 
pable of deciding whether to consider straight-line or curved loading diagrams 
Fi <a whether to use merely the ordinates at the division points without referring 
he a “to any equivalent concentration at all. He has the formulas for any of these Bes ong 
to him. Exactly what he should do is merely a matter 


ment diagram is made up of 4 
exact since the mome — 
— 
| 
— 
ine 
~ 
| 
| 
ic limit. One 
d the elastic limit. One 
ines a relationship between 
etermines a relationship be 
— 
ii 
— 
+ 
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Neither the writer 
ization ordinarily encounters. Neith 
[problems that he o his 


nor Professor Dunham can decide on a scheme that be best in 
application to a problem arising in the design of an airplane, for example. ads 
Regarding specific comments of Professor Dunham’s, the writer would like 


Iti is certainly not obvious t that one may fi find from nis first trial deflgction — 


he 3 on tunate, for most practical cases, that the derived deflection curve is a = 


a :. ee approximation to the true curve than the first guess. _ However, , such is not 
Pie always the case, as is demonstrated by | the problems shown in Figs. 19 and 
_ 20. Two entirely different possibilities need to be considered if a procedure Pe 


of successive approximations does not converge to the correct result. First, 


‘* oo the designer | has no obvious way of knowing when this is the case. It ce 


_ the writer’s earnest hope that the types of problem i in which such eventualities 
enter are illustrated sufficiently inthe text. 
a3 2 ‘It is unfortunate that the writer’s presentation makes the method ‘ “appear — 
more complicated than it really Professor Dunham’s comments n mayhelp 
Oy to alleviate matters somewhat. In considering the presentation of the ma- . 
- terial, the writer attempted to take into account the fact that similar pro 
cedures have been presented before and have been used by many people in 
numerous problems. Furthermore, the simple basis for the procedure appeared 
to be common knowledge. Only sopentueee from more or less standard rou- 


Referring t Professor Dunham's 8 dominente under 2(f), the value of a is 


problems. Iti is as a general quantity in the figures: referred to in order 
the moments, which | depend on a, should have the | proper dimensions. 

Y a - might have been more consistent to have used such a factor in all the problems Se a 
where a deflection had to be assumed, ed 
Ine losing, the writer again’ wishes. to thank all of the discussers for their 
efforts to add to the value of the paper. His only contribution has been more zs oid 
or less a bookkeeping procedure for using method of analysis that is 


particular poooedure given in the paper | led to greater accuracy with - 
a ‘numerical work than : any of the: others that came to his attention. Even when — 
one does not use the part of the procedure that calls for a calculation of equiva-— 
i lent concentrated loads o or angle changes, the results of the ¢ calculation are aS 
ag = if one takes a somewhat greater number of segments, say, ten to twelve, — Ee 
. in the length of a beam, It is hoped that those who have occasion to deal with — Bas =. 
~ problems of the flexure of members subjected to direct stresses and lateral 
will find the procedure useful and time saving. 
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— _desion hat h st find an alterna 
method for his study of the problem: 
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Ay a preparation of a number of technical papers on the depreciation problem. = 

These have been circulated among members of the Committee; but aconvic- 
has been growing that to ‘advance program of detailed, technical, ‘and 

=. complex discussion is of little value unless the basic and simple definitions 

it have been established previously; that is, until a common lan-— 


- has been outlined and an agreement has been reached as to its aoe 
the That is the central purpose of this Symposium: To avoid emphasis on 3 
technical details and make a new beginning toward formulating a ‘preliminary 
Aa agreement on fundamentals, upon which, later, can be built a sturdier ‘ ‘super- 


— 
— 
— | 
pas 
— 
z= 
apparent that the subject of depreciation was of interest to more than the 
Power Division, and eight Divisions became affiliated with it to create a 
Joint Committee on Depreciation. This Committee was created under the 
2 auspices of the Power Division, with the writer as general chairman, and 
| 
‘ 
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nig? 


ae 


Ever since the a of the a regulation of public the problem a 


he of Gepreciation | has been and now is in a very confused state. _Inan attemp t 


to find some satisfactory solution to the problem, a great deal of effort has been — 


spent by independent v writers, public utilities, and regulatory authorities. 
ae: Numerous treatises » Teports, and books have been written on the ‘subject. bs 


Numerous concepts ‘and “methods of depreciation have been advanced, and 


many different solutions advocated. present situation might to 
be a mere battle of words, or a battle « over - theories and definitions, which me fee 
fails to clarify the situation b but, on the contrary, obscures the basic rfactors 


Asa part of the Symposium on Depreciation devoted to : a aoneiiention 


of the fundamental aspects of the problem, set paper approache 


re 


7 


so-called age-life theory and definitions involve as- 
Nea _ sumptions | as to the future or remaining | life of  proners ty. The. other view is 


that depreciation cannot be made to suit definition, but rather the definition 


must truly. express the actualities of depreciation. This view states ‘that 


ciation in property as of a a 


t fact, engineering and knowledge should bet the same e way 


aS 5 as it is employed i in connection with the safety standards, replacements 0 


Property, an and selections of equipment. . The writer favors the latter view. La 


pee te the true character of depreciation and the possibility of its measurement 7 i 
by engineering” and scientific processes. Engineers are > interested | as 8 to the 
réle that the profession should play i in helping to determine the proper treat- 


| of this much discussed problem. ot 


The most aspects of the depreciation problem confronting public 


~ counting and with determining depreciation for rate-making purposes. These > . 


tae difficulties arise from certain existing facts, circumstances, and re 


_ the more troublesome of which may be stated as 
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(b) It has been suggested that ‘taking place within a any period 
of time is the difference in fair value at the beginning and end of the period. 
© Some advocate specifically that public utility earnings should be limited: a 
toa “fair return” on the original cost less the balance in the depreciation oa 
serve from either the actual charges made or charges that should 
have been made i in tl the past against operating expense on an age-life oanet of 4 
-(d) Most enterprises, including public utilities,’ pass through three stages 4 


during their economic life—namely, (1) the development stage; (2) the normal 
productive: life stage; and the declining stage. to The actual capacity: cf 


me more or less limited and difficult in the first and third stages and sometimes, dei ely 


(e) The desire is often expressed that however ‘attived at, that 
ae are currently set aside for depreciation and charged as operating expense 


should serve the purposes of accounting and rate making. ton ong iat? 


attempts: to satisfy these various facts, ad! contentions, 
numerous definitions of depreciation have been formulated, many of which are me cS 


a combinations of words that do not contribute enfliciently toward a clarifi- ae 


cation of the problem. As a consequence, numerous “concepts” have grown 


real substance to the various definitions of depreciation. . One of the ‘present 
problems i is the formulation of a a conception . of depreciation that will afford a i 
3 common understanding as to the true scope and character of the problem. a 
- Such a concept should recognize that depreciation cannot be made to suit mo 
definition, but but rather the definition must truly express actualities 
The approach to a common understanding of depreciation must, of neces- 
e give recognition to the manner in which, and the purposes for which, the 
oe will be used . For example, ¢ depreciation related to reproduction cost ho 
new of a replica of an old item of property might properly include certain ele- % A 
_ ments, or the effects of certain causes, that wi would not properly be 2: included in 
depreciation related to. reproduction cost of old facilities in terms of modern 
property; and, similarly, depreciation related to original cost may properly 
consist of still another group of elements. ant to 


= ae It he as been contended that depreciation at any | given time cannot be mea- 


# reasonable original estimate of life expectancy the elapsed | life of the | rina 
or by some other method. On the other hand, it has been claimed that the | 
; : effect of forces that cause depreciation are generally measurable by engineering 


_% and scientific methods at any given time with greater accuracy and reliability 
matiss osha wort 


= If the assumptions on which the ‘iret ewe of Concepts are founded mee 
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resolves into an estimate of life age plus 


ous determinate part of the problem simply vadeoes to an estimate of the vetmaluias 
a life Therefore, particular interest is attached to the methods | by ' which, an 
accuracy and reliability with which, , such life can be estimated. 
The future life of any element of property will be controlled by the sseabail 
‘a action of those forces that cause depreciation—namely, physical (wear and 
tear, decay, action of the elements, etc.); and functional (inadequacy, ob-— 
5 Salome changes i in the art, changes in demand, and requirement of public 
ae eon etc.). The forces that cause functional depreciation are essen 
Se ‘ - tially economic in character, some of the more important of which are: 48 


— (1) The price of economically feasible new abilitics, which prices will wit be 
by manufacturing methods a) and general price level; 
: (2) Greater efficiency, c capacity, reliability, better ‘operating characteristics, 
less operating costs and hazards, or any other similar characteristics that may 
contribute to the justification of | the replacement of facilities; and cs 
: (3) ‘The rate of growth of the > particular enterprise and of the territory oo < 


area in which products are sold or service is rendered. " ae 


difference between the problem of and estimating future 
As life at a given time? In measuring the depreciation existing at a given time, 
comparatively reliable bases are available or obtainable as to the extent to 
which the forces causing depreciation have already acted. In estimating future Ase 
oe a life, however, there is little to serve as & guide as to when, and to what extent, — 


these forces may or may. not act. All estimates a future life involve un 


assertion is frequently heard that life ablic “utility property. 
can be estimated on an actuarial or statistical basis in the manner that in- 
surance companies treat human lives. The correctness of such a conclusion 
seems open to question. . Insurance companies deal with large numbers of — * 
, humans whose life spans, by nature, vary comparatively slowly from generation 
to generation. They also segregate individuals by occupations, races, sexes, 


etc., into such that the risks s may b be appraised and made as 


‘The forces that control human-life characteristics are obviously not com- 
<, parable to those that govern life characteristics of most utility property, and fy 
C aoe for very sound and obvious reasons. Consider, for r example, the electric utility — 
Ee industry, which has grown from relative insignificance to its present status — 
uring the past several decades. Coincident with, and related to, 


4 rtained, and a 
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iable statistics as a guid 
their large volume of relia insure life against — 
even thei hen they ins 
anies use hey use w 
clearly shown by the care t 
he 


this is fact that) the facilities that comprise the industry’s property — 
have been continually improved. Many of these improvements have resulted 
a. = ae, in functional depreciation, which has been one of the predominant « causes of if Be 
ee retirement of property in the past. . Other improvements have resulted in a | 


=i pi for the life of one generation of property to serve as 2 reliable oo ae 
I to the life of a a succeeding generation of property. Therefore, it may be tru es P 
that in the case of most electric utility facilities, statistical treatment will not — 
ee be possible until statistics are available of lives that have not been affected ie 
the case ofa relatively small proportion ‘of the facilities of ‘most utilities, 
af proper statistical data may be a reliable guide to future life. However, with ese 
fn the possible exception of communication utilities, this proportion susceptible ae 
ES of statistical treatment is not a large percentage of the total property ‘and thus yas 7] 
does not carry much weight in the problem asa whole. 
2g _ A general conclusion as to estimates of future life for most electric utility pay 
might be stated briefly. estimates, even for the near future, 
oo limited accuracy and reliability, and, when extended into the more dis- 3 
s tant future, they would appear to have even less accuracy and reliability. a 
oe ae Even if future life could be determined with absolute accuracy, it is not, of ee . 
ss itself, the measure of depreciation. — An estimate of future life is merely an ie 
= eae element to be considered to the extent that it may be a measure of future use- a 
eh... ‘ee fulness, but: it should be recognized that future o or remaining | life i ‘is not neces- hg 
be The problem of measuring depreciation at a given time is fundamentally aa 
= from that of estimating future | life in years. . The factors that have ae : 
Be. - caused depreciation » are well known to engineers, for these are constantly ap ae 
plied by them in selections and replacements of facilities. Mensusements 
depreciation, , like the ‘selection ai and replacement of property, | are essentially 
procedures in which an item of existing property is compared i in 
a ae a proper manner with an available modern item of property. In such a com- — 


parison, the various points of difference such as efficiency, reliability, ete., are 


4q 


q 


evaluated. 


Ae in making valuations. There are also 1 numerous 1s technical and edentific 
data, tests, and procedures. that are valuable aids in the determination 4 
_ physical condition. An evaluation of the foregoing having been arrived at, i 


oe the result must be expressed in terms appropriate to the use for which the — ae 
oh The ascertainment of depreciation may well be a subject | for engineering — nia oa 
invetigation and careful exercise of judgment rather than something that can 
be treated by those not familiar with engineering matters or something that ‘e 
can be solved by using perhaps the simplest arithmetic. - Replacements and 
i selections of property often require the exercise of sound e engineering judgment, re 
if ” and decisions are not always easy to make; but such applications of judgment cs 


Pe are not avoided through the adoption of simple methods that may edits he 


unsound results. increasin complexity of mod rm manufacturin roc- 


ial 
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> ‘esses Tequires s the. f engineering ability to solve the problems 


i fore, is there a justification for the conclusion often hastily drawn pte measure- 


~ ments of depreciation cannot, with | study, be made with the needed hci 


depreciation i ina superficial manner Best. for the purpose of attaining alleged 4 


fe? simplicity. In estimating the rate at which depreciation may be expected to s 


os _—- progress in the future, it seems proper that the estimated rate for ‘the immediate | 


se * future should be guided by the rate at which depreciation has | progressed i inthe — 
ss immediate past, modified by judgment as to the conditions and circumstances . 
expected to prevail. This would seem a more accurate and reliable guide than 
reliance on estimates of future life based on assumptions and 
statistics from the distant past when it is that the prevailing conditions 
mF C a The problem that lies before engineers seems to be rather definite and is" 
ane certainly pressing: First, a sound basic concept or common understanding of :> 
fi ‘the true meaning and scope of depreciation must be developed; second, an 
orderly and basically sound procedure for measuring depreciation must be 
Ce ‘formulated that will use the vast volume of technical and scientific data and 
_ methods available, and, above all, one that will yield comparable results under 
if _ comparable conditions and circumstances; and third, an orderly and basicall 


= procedure of deriving estimated rates of depreciation for the future voniae 


is intended to carry the implication that engineers must or can 
a treatment of depreciation | to a simple arithmetical process which will — 
eliminate or even reduce the quality or amount of of sound a 
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AS 


Wiiters on depreciation seem to agree on nothing except that other writers 
the subject are somewhat confused. apparent differences of opinion 


a this controversial subject might be reconciled by recognition of the efollowing Ker a 


Depreciation « estimates wal in n different ways into different 
S + of business ‘decisions; it is necessary to examine the specific alternatives pre- Wid 

sented i in case to see what are relevant. all 


Bot 


chins and structures which are still capable of service ; 


aad ) Mal ing. appraisals ased on replacement cost new; an 


a) Shaping | public tax policy to rec recognize the national interest (particulary q 
= national defense interest) in private decisions on plant expansion and plant ig 


FUNDAMENTAL DEPRECIATION Concerns 


ie coe prerequisite for any discussion of depreciation principles should be a 4 
reading of the « explanation, i in the treatise by J. C. Bonbright entitled “Valua- 
tion of Property,” ‘ of the different concepts attached to the word “deprecia- es 
tion. od One concept involves the popular meaning of the word; two others S. 

~ involve special technical meanings. Failure to realize the fundamental a 


1 = : Prof. of Economies of Eng., Stanford Univ., Dept. of Civ. Eng., Stanford University, — -.. 
" by J. C. Bonbright, MoGrew-Hil Book Co., Inc., 1987. See particularly 
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ences these ese three meanings has been ‘responsible. for much confusion 
eee i. in the literature of this subject. The concepts are: Decrease in value, amortized — AS 
) cost, and difference i in value between an existing old asset and an hypothetical — 
«new asset taken as a standard of comparison. (Bonbright gives a fourth basic 

goneept of depreciation as “impaired serviceableness.” As he states, this is 
ee, &§ not a value concept at all although it has ‘sometimes been used to to confuse a 

s | __ issue in value determinations . “AS 00 good as as new” ’ is not the same as “ag valu- 


“different dates. The value at the date from the value at the 


everyday speech, ‘this is the 1 meaning asually implied; it is also by 
ae od dictionary definitions. It should be noted that this meaning may be applied — ser) 
‘s oe to various concepts of value. ni As explained by Bonbright, the most useful con- _ 
cepts of value are “market value” and “value to the owner. 
"Amortized Cost.—This is the concept of depreciation implied by the usual 
accounting practice. From the viewpoint of of accounting, the cost of an 
ase aee isa prepaid expense to be apportioned a1 among nong the ye years of its life by : some more — 

Hie or less systematic procedute. The controversial questions here are what the 
estimated life should be and how the apportionment should be made. — I 
aes should be emphasized that it is cost, not value, which is apportioned in ortho- olf 

dox accounting. Although the phrase “book value” is commonly used to de- 

re scribe the difference between the cost of an asset and the total of the deprecia- ae AW i 


&§ 


described “cost.” ‘reasoni 
escribed “unamortized cost. Confused reasoning “may ‘result from a 
literal interpretation of those classifications of accounts which define deprecia-— A 
ss tion as “loss in value.” Only if value is defined in what might be called : 3 
neutral sense, as any money amount that may be associated with property 
can it be said that the accounts really record value 


ie Difference in Value Between an Existing Old Asset and an H ypothetical New 


the cost of reproducing the service which the old 
ee asset is expected | to ) perform | with the most economical new asset available for e é 
performing the same service. ‘The present cost new of this hypothetical 
7 < asset is the depreciation base. The depreciation deducted from this to deter- _ hy 
: af mine the value of the old asset is a measure in money terms of the inferiority — et 
ee "+ of the old asset to the hypothetical n new one; the old asset may be inferior for fae 
Bak a number of reasons such as shorter life expectancy, higher prospective annual — * 
a disbursements to get the service performed, and lower prospective annual re- er 
ceipts. writer believes that it is in this field of measurement in appraisal 
depreciation that engineers can make their greatest contribution to theory and 
practice. Such measurements, which are primarily an engineering function, 
ean shed light on comparisons ¢ of alternative methods of depreciation account- 
the appraisals, of which they are a a part often may serve as the 
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only criteria by which decrease i in value in the popular 
~ Despite the frequent confusion among them, all three of these depreciation 
a concepts are useful. Any suggestion that two of them be given different names _ ae a" 
would doubtless be futile. _ Throughout the remainder of this paper they are 
called ‘popular depreciation,” “accounting depreciation,” and “appraisal de- 


Example 1.—A man bought a new home ne in 1932, for $6,000. In 1940 he 
ae sold it for $6,000. In the: intervening y years he rented it to a , tenant for } part 


preciation,” respectively. Some fundamental differences among these three 


a eas _ of the time; and in reporting his taxable income for this rental period to — % ae 
government, he made an annual depreciation deduction of $125. This th 
based on a $1,000 lot on which no depreciation was charged and a $5,000 house “Ae 


oe Sie on which straight-line depreciation was calculated over an estimated 40-yr life. = 


by | 


The purchaser arrived at his $6,000 bid by estimating the cost of buying a 
BES, cor similar lot at $1,000 and the cost of f building a comparable house in 1940 at a 4 
ey” a $6,500; from this total of $7,500 he deducted $1,500 because of the | in j= | 
life expectancy, y, higher early maintenance costs, less modern design of an 
this incident the popular depreciation was evidently : zero, as the market 
2 value in 1940 was the same as in 1932. The accounting depreciation was oa sane 
$1, 000—that i is, — of $5, 000. . The appraisal depreciation was $1 
> ey Increase in residence construction costs between 1932 and 1940 0 had com- ale bid 
pensated for the causes making for decline in value so that there was no popular 
depreciation. ‘Changes in price levels had no effect on accounting deprecia- 


ik ; oF tion, as the accepted principles of accounting call for basing depreciation charges _ 
Ree: ict on cont. _ Price level changes did not affect appraisal depreciation for quite se 
different reason; they I had already been taken account by using the present 


“pac 


d “Answering the question “Will it pay?” with respect to a “proposed | plant 


investment may involve: the | conversion of a first cost, P, an life, n n, 


use of an interest which should be the minimum vate of return that 
oe will make the investment attractive. This minimum attractive return should | Shige 
a _ depend on both the prospective return obtainable from other investments and _ *: 

the apparent risk of the particular investment in 4 


With zero salvage value, the equivalent uniform annual cost i is obtained by 


salvage value, the annual cost of capital recovery pe 
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may b hewn: that this is is sum of on first cost 
a and a “sinking-fund depreciation” annuity, provided the interest rate used on 
Kee . first cost is also used for the e sinking fund. ial Thus the annual cost of f capital 
recovery may be described as interest plus depreciation. 
As the two preceding paragraphs describe conyentional theory in 

a - economy, they require no detailed explanation. However, a point none 


always u understood be -emphasized—namely, that t this: 


3 final salvage value, would serve to pay back the first cost in n gtaie with the ie 
minimum attractive rate of return The calculation is not concerned 
a. the central problem of depreciation ‘accounting, the allotting of cost among a 
_— number of different years. The equivalence holds good regardless of what 
ey: plan of ‘accounting i is to be used and has no relation to my actual or ‘hypothetical — 
Se Although such a capital recovery calculation iosaadiod thought of as the 
_ amortization of cost with interest and thus appears to combine a recognition _ 
of the time value of.money with the viewpoint of accounting depreciation, i it 
: a really the viewpoint of popular depreciation—prospective fall in value re 


value in economy studies to ‘proposed plant in 


—— will pay may properly differ from the estimates of life and oiiae 


pore a property, this forecast should the annual cost 
_ capital recovery used in a study to determine the economy of acquiring that — ri a 
sae - property. However, the forecast of price level changes has no place in de- 
Be oF preciation accounting as it is ruled out by the conventions of accounting pies 
More important than this in many economy studies is the forecast that long _ 
before the date of its retirement the value to the owner of a proposed machine a 
or plant will be very low. This forecast may be based on past experience ~ 


that at improvements in — render plant obsolete i ina ‘short time, ‘or on an 


. * industries, to require’ that new ‘machinery “pay for itself i in three years” or ii in ; 
_ some . other short time from one to five years. It is , also common for the ma 
hine, installed on the basis that it must pay for itself in three years, to rales 
4 é its depreciation accounting based on a 10-yr life. i Past experience might show - 
that similar machines had served fifteen years before retirement. 
regulations of the Bureau of Internal Revenue, U. S. Department of the 
a ‘Treasury, have | had the effect of bringing the accounting depreciation—at 


least for income tax purposes—more closely into line with p ast evidence | of 


ha 


total = have thus increased the discrepancy = life 
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Example 2.—For instance, imagine that the home owner in Example 1 had 
: that a house purchased in 1932 would be salable a number of years 
would have been relevant in an economy study comparing home ownership 
— 
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DEPRECIATION PROBLEMS 


CONOMY STuDI FOR PROPOSED RETIREMENTS 


and structures which are still capable of rendering s¢ service. Such re- 
i ay tirements are made because of some one’s decision that it pays to make them. _ as 
Unless such decisions are made merely on a “hunch” basis, they require an 
estimate of the cost of extending the service of the old asset for some specified 
It should be obvious that this ‘ ‘cost” is a money difference between diss 
op - Posing of the a asset at once and disposing of it at the specified future date. The Pay ca 


able from the sale of the asset and the net amount realizable from its’ 

4 


a es future sale. This is depreciation i in the popular sense of decrease in value; the 4 
relevant “‘value’’ is net price in a second-hand or scrap market, or value to the 


owner for some other the Accounting depreciation based on the 


Although this should be « obvious, unfortunately it is not. “The literature of 


ie replacement economy is full of formulas which, as part of the attempt to de- 24 
es i te termine whether a proposed replacement will pay, add to the first cost of the as 


proposed new asset the “loss” which the books would record on the disposal of ae 


ee eo the old asset—that is, the difference between the “book value” and the net a. oT 
value. (Although under individual unit depreciation accounting, if 
the “book value” of a retired asset is greater than its net realizable market i 


the difference must be written off on the books [either as a charge to 4 
gy a. current expense or in unusual cases as a charge directly to surplus]; the usual = 


i: E a description of this difference as a “loss” which occurs at the time of the retire- 

4 ee ment is misleading. The so-called “loss” is simply a portion of a prepaid ex- +5 ~ 

pense which would have been allotted against past accounting periods if correct __ 


i forecasts of life and ‘salvage value had been made; because it is impracticable ss 
to go back and correct previous accounting statements, this must be charged Rite 


off at the time of the retirement. Under group depreciation accounting, no i iy 


such “loss” entry i isn made as, presumably, a retirement | short of ‘the | estimated 

s Bes er life of a group of assets will be balanced by another at more e than the ‘i ne 
. : ee average life. This viewpoint is implied in recent regulations of the Bureau of oa 

‘Internal Revenue; “Josses” on retirements made sooner than the | estimated 


. pees average life are no longer allowable as tax deductions « except i in extraordinary a 

; ‘The most celebrated of these formulas’ was first published i in 1923 and has Wee 
been copied year after : year: since that time in textbooks and handbooks; it 
— (1941) seems to be “going strong” after eighteen years. One proposed 
“Formulas for Economics of Labor-Saving Equipment,” Mechanical Engineering, Vol. 45, 
September, 1928, p. 564 eudd sved bay: tatot 
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formula® went so far as to charge against the proposed new asset not only the 
; “loss” ‘on the current retirement but also a portion of the losses” on ‘previous 
retirements of a series of predecessor assets which performed the same service! Te 
Iti is the writer’s impression that « confused reasoning on this matter isnotso 
“fj common in industry as would be ‘suggested by the high percentage of the Te 
placement formulas which contain this mistake. Nevertheless, it is common BL 
i enough; there is no question that high book value of old assets often operates - 


a as a deterrent to economical r retirement. 6 The writer believes that this error a 


re that its “employees impart a fictitious reality to the apparent evidence of te 
a 4 accounts. — The owner-manager of a small concern is likely to be more ccnaioas 


words or that have unfavorable associations. such 
bs x phrases may be partly responsible for some of the confusion that exists about 
she depreciation. One is the definition of accounting depreciation as “loss” 
value; the other i is the common description of unamortized cost as “unrecovered ‘s 
investment.” ‘Loss’ has an unpleasant sound which somehow makes de- e ee 
Preciation seem worse than other operating expenses. “Unrecovered invest- 4s 
i ao ' despite its sanction by the Bureau of Internal Revenue, i is an inaccurate cs 
description of “unamortized cost.” In some cases the “investment” ina ma- 
- chine actually may be “recovered” in its first few months of ‘service, and in 


: awk cases ,it may never be recovered; neither fact has: any relation to the d 


pw prices tend to reflect dost to the marginal producer—that is, th 
— highest cost producer who is actually able to make a sale. The supply side 
_ of the market depends on decisions by} individual possible sellers as to whether — 
ie or not they will sell at some given price. i In practice, the “cost” to a any pores 
_ seller which should be relevant in his decision whether or not to sell at any 
given price depends on whether or not he has the necessary plant to produce the . 


product, Thus two. types of involving into the 
One is a decision whether prospective prices are high enough to justify the 
_ provision of new plant facilities. 4 As already pointed out, in many competitive 
industries new y construction is is not undertaken unless there is the prospect of 
‘eapital recovery within a much shorter period than the estimated total service 


life of the plant. A price higher than production cost by the most economical 


* “Economic Life of Equipment,” by oO. Vorlander and F. E. Raymond, Transactions, AS. M.E., 
‘Vol. 54 (1982), RP-54-2. 0 
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will subsequently be included i in the cost accounts, tends t to attract new 


make it possible to more tend to reduce the return to 


- oseliihe » other decision is whether or not a g given market p price justifies continuing ee : 
= operate an existing plant. If the owners of an old plant are faced with a - 
oar 3 eves betw een the alternatives (a) to sell at oes more than the increment Me 


shut down. In the common instances in which decrease in value is practically 
independent of operation, this increment of depreciation into 


aes = the popular sense, which will take place if the plant is operated and if it is = 


‘ Jetunn prices in an excess capacity i industry may not actually fall to the 
cost to the ‘marginal producer. Producers may prefer a ‘a partial 
shutdown rather than a sale close to increment cost of production. If total 
Be ae allocated ‘book cost determines the point at which this shutdown occurs, it is fr 
aecounting depreciation which | actually is relevant. It should be emphasized 
x a it is what each prospective seller thinks at the time that his relevant costs” em 


are, not what subsequent events prove | them to have been, that t determines his AS. 


depreciation may enter into competitive prices: in such different 


ways, it is desirable that contracts in which the determination of price involves a 
determination of ‘‘cost’”’ should not depend on a competitive price a e analogy al 


for the establishment of depreciation cost. Such contracts should provide — 
-— debnite money amounts for depreciation (or a means of readily determining ad 


Bi: Am appr appraisal of an asset on the basis of its replacement cost should g give an 
pore to the question, “What price for this asset would provide its future ae 
services. at the same annual cost as would be obtainable from the most economi- — a 


7 Se new asset now available to reproduce the service?” The depreciation de- nex 
a duction from the price of the hypothetical new asset should be a ‘money mea- ee 


the money amounts) and i thus avoid the necessity for adjudicating disputes 
DEPRECIATION IN APPRAISALS Basen on Repiacement C Cost fee: 


« old asset is usually (although not alw ays) inferior i in having shorter life 


=, 


} $4 

pproduetion has its influence on economy studies relative to proposed new ca- 

|" pacity. The “‘pay-for-itself-in-three-years” requirement is often partly at- 
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Sai ~The shoei that should govern this depreciation measurement is the same et 
theory that applies to a somewhat comparable problem in engineering economy 
—that of determining the investment justified to secure an increase in life or a 
_ decrease in annual disbursements. Consider, for instance, the following K 
ee years, and involves estimated annual disbursements of $500. An alterna 
tive structure, B, has a prospective life of twenty years with estimated annual 
_ disbursements of $500. _ With ih interest at 7%, what i is the | maximum amount 
that ‘could be paid for without realizing higher annual costs than 
_ This problem may be solved by letting z = the first cost of B which would | 
ust make annual costs ‘ “break even.” Each investment may be converted in 


equivalent annual cost by multiplying by the ‘appropriate capital recove 


=2 (0.09439) + $500. That is, = $1,508. 


‘Because of the time value of money in n this proble m a 100% increase i in life ge? : 


- justifies only a 50% i increase in investment. Only with 0% interest would it 
a to spend twice as much for a 20-yr service as for a 10-yr service. __ The 
return ¢ on investment, the risk and the return available 
ee aaa : Obviously this return should be greater than the bare cost of 
borrowed: money. The’ higher the minimum attractive retu return, the lower the 
|: A prospective saving in annual disbursements may ustify a much hig 


ne as nt. For instance, if structure B had the added advantage of annual 
a "disbursements « of $300 instead of $500, the equation would be: $1,000 (0.14238) Amie 


$500 = (0.00439) + $300; or = $3,627,000 
Example 4—In applying this viewpoint to. the appraisal of existing old 
2 assets by comparing them to hypothetical new ones, it is the value of the 


a -shorter-lived asset that is the unknown in the equation. 2 For example, the most 


economical n new asset that might be used to perform the service of an existing © an 


re - old one has a first cost of $1,000, an estimated life of twenty years, and esti- 

mated annual disbursements: of $500. ‘The old asset has a 1 remaining | life ex- 

of ten years and estimated a annual disbursements of $500. With 
terest at h how much could be paid for the old asset to just “break even” 


on the annual costs with the new one? 
= the value of the old asset “break « even”; ( 14238) + $500 


$1,000 (0.00439) + $500; andz = $663. 


the new asset involves lower prospective ie 


"creases the value of the old asset. — ‘For instance, if the annual disbursements 

= new asset are $450 instead of $500, z (0. necesita = $1,000 

. = ‘If the annual disbursements for the new asset are $405 or less, the igtbaescla 


= that the ‘old asset has no value in comparison with the new one. _ That 


ead Example 3.—A structure, A, has a first cost of $1,000, a prospective life of. eee 
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oe is, on the basis of a 20-yr tte for the x new asset it would pay to make an pees 

The preceding paragraphs explain a theory on which depreciation estimates 

; Es in replacement cost appraisals might reasonably be made. The writer believes — 
oe pe so-called | reproduction-cost appraisals i in competitive industry have little” 


¥ Ru meaning unless they are really based a on the cost of replacing the service. lie 


(1) The service should be the one that is to be performed in the future by 
the old asset. . The Tesult, of the appraisal m must be Tecognized as as Televant only 
to the value, to the owner, of the asset for this particular service. 
+ Re service a different conclusion regarding value might be reached. he ae: 
— (2) The reason for the relevance of replacement cost in in an appraisal i is if its 
‘gelation to the cost of replacing a service. This implies that the 
i? cost used should be that of a new asset which would provide the contemplated i S 


oa ei ‘service 1 most economically. . Itt there have b been improvements in design or 


= Each of these elements deserves a brief comment 


i; Das changes i in the service performed, , the new asset will not be physically identical a site 


the old one; often it will be entirely different. 
(3) T he estimate of remaining life e expectancy doce not 


on age - As stated at the beginning of this paper, the only possible differences — S 


look forward that is relevant in appraisal; the look backward (a (at age) 
useful if it in the look life Sometimes—if 


oe very | soon. n. Iti is the prospective date when it would ere to retire. ‘the — 
this particular service that is relevant i in estimating its remaining 
rather than the prospective date of “termination 1 of its physical life. Where 
at oe the estimate is being made from a mortality curve, the curve will main ap in- 
dicate » the remaining life expectancy of an old asset to be greater than the 


rag - difference between the average life indicated by the curve and the present age 
oy ie (4) If a mortality curve based on past. experience is used as a basis for the ra 
ee estimate, ‘the average life indicated by the curve should appropriately be a: 
a 88 the expected life of the hypothetical new asset. On the other hand, if the — 
of obsolescence of a new is so great that an rela- 


— 
— 
— isal are: (1) The 
in such an eq selection of the of the rem of the 
— The eleme (2) the ) the estim ife expectancy eturn; 
performe is: (3) tion of the life tractive return; 
- 5) the selection of an por both. 
— 
— 
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the old asset may here is no 
the life In such cases, thasno 
ae = ion of the service— ight replace it. fh. ipts, the iation is — rey 
ination that mig sursements or rece P isal deprecia 
difference in p to the hypothe 
a 


aes (6) The r recognition of the time value of money is simply the = 
aye that an extra investment to secure longer life or lower operating disbursements 
or increased receipts is not justified without the prospect of a return. The 
_ interest rate } appropriate to use should be the minimum attractive return which 
will justify an investment considering the oTisk. ‘Usually this will be higher than 
a either the cost of borrowed mney, or the interest rate obtainable on a con- 
servatively invested sinkingfund. == = 
far (6) It is the prospective saving in annual _ disbursements from the m ; 
ae econotibenl replacement asset that is often given inadequate consideration in 
commercial appraisals. — This saving may result from a combination of causes 
a which ‘might | be described a8 w aring out, obsolescence ( (or obsoleteness), a an 


inadequacy. 


_ Even if the new asset selected as a standard of comparison is 


rf it will have dies annual disbursements for operation. fae the service to be 7 


. “these influences are present, it should be emphasized that they combine to 


> create a value-inferiority of the old asset to the hypothetical new on roe 


apparent paradox here is that the less the contempleted service, the less 


¥ 


| 
a 


i If an old plant is to be used merely for stand-by purposes, no saving at all i in * : Sere: 
annual disbursements might be possible from the substitution of a new ae 
However, in this connection it should be emphasized that the appeaptien ° 


ena ilar operation; the price of similar machinery in the second-hand market might at 
the relevant “replacement cost’’ from which no depreciation deduction 
_ would need to be made. It is also true that the alternative of abandoning the 
¥ ie - stands by service may Place an upper limit on the value of of that service. ania... 
to ‘Subject to certain very important limitations, the preceding ; discussion of 
Re appraisal depreciation on an equal-annual-cost basis may be described as an 
advocacy of sinking-fund depreciation in appraisals—or present worth de- 
-preciation as it is somewhat more accurately called.’ These ‘important 


to An interest rate. equal to minimum attractive return sufficient to 
‘justify an extra investment is usually higher than the rate commonly used in — 


depreciation. This tends towatd higher valuations than ‘usually 
“are obtained by the sinking-fund 


y the old asset with the life expectancy of the abide asset will often.tend to give at 
~ higher valuations than the sinking-fund method based.on the present age of 
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it must “pay for itself” in a short time, i ased on the requirement 
short time, it would seem appropriate to 
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The use of the cost most new to provide the 
¥ rs service as the depreciation base rather than the cost of reproduction of a plant | Ny 
a Ba identical with the old one, and consideration of the prospective saving in annual ie 
disbursements from such a plant, will generally tend toward much lower valua- 
tions than will be found in conventional appraisals by the cinking-fund method 


af 


= 


The writer believes that i in competitive industry this last limitation is likely 
ae 4 ee be the most important one, and that appraisals made on a true equal annual é ; 
: - basis are likely to give values that not only are below reproduction cost 
appraisals on a sinking-fund basis but also are below such appraisals on a 


word of caution is necessary ‘regarding the addition of the 


of separate machines and structures in a plant to reach 


4 
with one of quite different design may give a much lower Lompoc il 
value for the entire plant than consideration of separate alternatives of replac- a a 
ing parts of plant without changing its basic design 


Natrona INTEREST IN THE Errect oF DEPRECIATION 
"Pax on Private Decisions REGARDING Puxr 


eeall ‘Defense needs have made every one conscious that there is a national i in- a hs 


ah terest in the nation having the best possible plant for the production of goods 


and stand-by « capacity of less economical plant to meet emergency needs. 


ead Tax policy with regard to depreciation may have two undesirable effects: It — ie 
may handicap plant expansion and i the ‘substitution of more economical plant es 
for less economical plant; and it may m make it pay to retire plant which might a 
. If the decrease in value of an asset is much greater than the allowable tax 4 
deduction for depreciation, what appears for tax purposes to be income may Bi 
‘Woes be recovered capital. _ Income and excess profits taxes may take —_ 


of this c can, and 


Property taxes may ‘make it} pay to re plant that 
ey i kept to permit expansion of production during emergencies. The policy of ‘4 
basing al allowable depreciation rates for tax purposes on the avidenee, of actual 
ts may ha imilareffect. 

‘ool retiremen may ave si r effect. bas BAT: 

There is serious need for a study of the e tax on 


business decisions in private industry. 


of the best of the various possible methods of making the distribu- 


is 
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operate as a deterrent to plant expa d 
; - ——- recognition in the excess profits law which permitted amortization of new plan - 4 
* for tax purposes in five years when it was certified by the military services to .. 
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# paper, rather, is concentrated on a discussion of many depres problems — 


‘peli based on the cost of reproducing the service may show that fixed asset 


have a very | low value tot their owners within a short time after their ~—e 
even though it may be many years before their probable retirement. 


ey _ 2. The prospect that this will occur is commonly recognized i in que erres 
by a refusal to purchase new fixed assets unless it seems likely that 


_ they will “pay for themselves” in a much shorter time than will be used as their 


: 38 Because of this, the limit on competitive prices : which exists due to the 


“cc 


In contrast to the influence on competitive prices of this high 

Pt depreciation of a proposed new plan t, the influence of depreciation of an ol 
‘plant on competitive prices is likely to be relatively small. A 
High book values for old assets operate to to be 

6. Low depreciation rates allowable in income tax sail ‘for new assets 


operate as an obstacle (an entirely rational one) to the installation of new plant 


ieee ‘The merits of alternative possible depreciation. accounting methods 1 may be 

is - eompared by various standards. There is no inherently correct way to appor- 

a tion depreciation on the books of account; it all depends o on the 2 objective being 


Scharff, M. Am. Soc. C. E., has suggested that accounting de- ae 
preciation in regulated industry be with in 


difference the appraised at the beginning and of the period. 
a In competitive industry the irregular operation forces influencing 


4 i" _ Nevertheless it has much merit as a basis for judging the adequacy of the 
depreciation charges made under-some regular systematic scheme of deprecia- 
a tion accounting. If the “decrease in value’ shown by an appraisal based on 
a ey the cost of reproducing the service with the most economical modern plant — 
+] should be much greater than the accounting depreciation, | one sige reasonabl 
infer that the accounting depreciation was inadequate. 


§ Transactions, Am. Soc. C. E., Vol. 104 ise). Pp. (1132; also “Public Utility 
faurice Scharff Law Review, June, 1938 
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— 
ere ow less certain points brought out in this paper bear definitely on the selection of a roa 
aoe a depreciation accounting policy. These points may be summarized as follows: ee — 
| 
ets 
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e | _charge be not subject to the suspicion of manipulation which would surely = 
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DEPRECIATION PROBLEMS 
It is writer's guess that engineering studies in the manufacturing i 
3 i dustries of the value-inferiority of the existing old Plant | to the most economica 
fo new plant would indicate that the decrease in value in the early years of life 
Bs of a plant was much greater than the accounting depreciation in mos’ of ~ 
ae - "practice. This guess is consistent with the usual practice . of manufacturers of 
~" requiring the likelihood of a short capital recovery period | as & prerequisite to 
the installation of new machinery, red 
Changes in depreciation: accounting practice in the United States have 
ue seemed to follow criticisms of current methods made on theoretical tis 
eu As writers on accounting theory began to point out that the distinction between 
a a capital ar and @ revenue expenditure | was one of degree rather than of ye 
mental character, depreciation accounting began to develop. When t e ar- 
ae _bitrary and irregular depreciation charges made by some corporations were Py: 
criticized, at trend developed t toward the adoption in each industry of standard 
rates for each | class of assets used in the industry. current theoretical 
—s eriticism is that rates are not based on actual retirement practices, and the a : 
e ie suggestion is made that they should be based on the available evidence of actual we fe 
3 realized lives such as might | be obtained by mortality studies using the annual 4 ire 
rate method or turnover method. Recent policies of the Bureau of 
Revenue with regard to depreciation deduction i in income tax returns are based — 
on the viewpoint involved in this criticism. The effect of ‘these policies has asbeen 
Ne 3) to make substantial reductions in the annual depreciation expense shown on the 
x fe books of many taxpayers, particularly those in the manufacturing industries. 
ih ” he _A first impression might be that, because this is a trend to substitute de- < 
ns  preciation rates based on the facts of realized lives of property for ae 
Aa guessed higher rates, it is desirable. The writer holds a contrary view, par- 
ticularly with respect to the manufacturing industries. That is, he believes 
that the decrease i in value i in the early years of life of much manufacturing — 


| 


fe enone accounting policies would ‘be to use a high rate in the early years _ 


’ of life of an asset followed by a lower rate in later years. This would bring | 


head 


depreciation accounting more closely into line with decrease in value, and would 
ae the accounting estimate of profit more closely into correspondence with 
_ the estimates made in the economy study on which the plant investment was 3 
justifiedinthefirst place, 
Factual studies in various industries by engineers whose familiarity with the 
F most economical production methods now available enabled them to estimate — 
the value-inferiority (that is, the appraisal depreciation) of existing plants 
would permit determination of the past decrease in value—the popular de- — BG 
preciation. . Such studies would permit judgments on the adequacy of the 
ccounting depreciation which would serve to confirm or disprove the writer's 
vibes: odd odd te deco edt 


is 
— Rew, 
— 
— 
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"equipment 1s great that straight-line depreciation based on actual retiremen 
— 
— 
— 


Y Roy ROBLEY WINFREY,’® 


Physical ‘Properties, doprecat regardless of w ether ¢ rt ey are privately or 


owned or whether operated for a profit or or solely for nonpecuniary 
a purposes. . It canno be escaped, but generally public accounting methods and 


4 policies have given it no 10 attention. Accounting : for depreciation a and the wi use 
of depreciation estimates in ‘management are the possible points on which | pro- 
cedures. involving ; public + works and government finance n may ay differ from those. i 


followed in privately owned industries and business. The object of this paper ~ 

. to illustrate how depreciation should be used in the management of public 
and en 398 operated d by governments. ait a abide 


The: administration and management of publicly owned utilities, which 


not be discussed herein. It is true, 


ie: however, that many of them are “not operated under full adherence to these 


Vat In the management of certain in othe r publicly 0 owned ¢ and operated services 
of which the highway systems are perhaps the most prominent example, depre- : 


ciation of the various property units is an important economic factor; but it 
one which bears quite a different emphasis t than i in a the case first cited Fateh + 

; In this instance knowledge about the rate at whieh the Property units must feat 
i. - replaced is important to the administrator in order to enable him to plan 
* future development as well as financial programs. | Thee emphasis herein i is upon 
planning for the future and upon the development of sound and adequate 


= 


Typical of the accounting practices of ‘most highway departments in. the 
ss past is the example of an expensive piece of road machinery purchased out of 
+ 
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oda practice undoubtedly accounts for the money, which may be all that the law _ 
* Director, Highway Research Board, National Research Couneil, Washington, D.C. 


ms 


operations nor any help in planning to have the necessary funds available when 


| 


it becomes necessary to replace the machine. ur the 


For this reason, responsible highway officials have been giving much study 
during the past several years to developing systems that will enable them to 
aa ae account for the depreciation of the highway and other property in their charge. _ a 


i 4 The same situations exist in other types of governmental service. The writers 
a eh are relying principally on the highway illustration of their thought, since that — 
business with which they are familiar, but they emphasize | that the 
illustration i is applicable to other activities of government. 
ria thins ‘a Funds for the operation | of such public services are secured through various ae 
Cf tax imposts and direct charges to users; and in 1 making his recommendations is i 
: . 3 for financial support, the administrator is not concerned with making a return oe 
Sg ng upon the investment but with | providing adequate service in accordance with eae 
is a fact that public accounting for governmental, service does | not usually 
distinguish between running expenses and capital investment, but 
a some breakdown into cost factors is necessary for the highway planner. | ad 

preciation i is the most significant of these. 
hk It is desirable that public policy include : some recognition ¢ of the e depreciation pu 
- public property as a means of effecting better financial management . Knowl- id 
edge of the length of service lives and of salvage values, which are the basis of a ae 
_ the depreciation rate, could be used in the management of public services in es ie 


‘many ways. few of these are as follows: 


eee — (1) By application of the 1e probable rates of retirement of property to the ee 
property, it is to estimate retirements he: made in 


wee 


with program of extension and betterment and may be used to formulate 


(3) True annual cost can be shown only when the expense of depreciation 
oe. included. Since annual cost is the basic unit used by engineers in deter- ve _ 
a mining economic justification of selection of projects, as well as total revenue — Ne q oa a 
needed, depreciation i is s an important dlement on which complete ‘knowledge 
Correct depreciation rates are necessary when making of 


te In the case of highways the correct: rates of depreciation to “a can ae 
ae _ determined by study and analysis of past experience. — _ This work, along with a 
ee 2 - planning studies, is s now (January, 1941) being done by forty-six state 
highway departments in cooperation with the U. 8. Public Roads Administ j 


a a tion. As reports of these studies become available, reliable information will io 
= be at hand on which to base estimates of depreciation and forecasts of cainiale 


a4 
“3 
= 
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of life and not money value is the factor of | 
portance in | operating a publicly owned business composed of thousands of 
‘items of physical property, it is necessary rto take account of the property items — 
" _ by ordinary bookkeeping methods. On that account the public official must 
have clear understanding of th the nature of and depreciation of de- 


. Definition of Value.—Once attention is called to the point, it is quite easy 


a to understand that it is only the anticipated worth of future services that gives 
2 Past services and earnings are just so much ‘ “water 


gone by the mill.” ’ Every estimate of present value in reality is a forecast of 

a” The fundamental basis of value i is present . worth of f probable future service. 

The fundamental basis of the fair value of each specific property item is th 


r present worth to its owner of the probable future services to be rendered by 
me  Manifestly, neither the number of future years of 8 service nor r the yearly 
‘return for services can be forecast with certainty or exactness; nevertheldts, 
every sale of property and every estimate of value are based more or less con- : 


sciously on n the present worth of such a anticipated future services as judgment 


- indicates to be most probable. Reliable estimates of the values of industrial = e 


ee property units can be » made only on the basis of 1 the sound judgments of of valu- 
ators, well qualified by training and experience, who give careful ‘gaged 
ie and such weights as are just and right to every factor i in each case 
a - Depreciation is negative value, to be determined at : every ‘date in “4 the 
‘ife of a property unit by the sound judgment of well-qualified, impartial ex- 

perts: as to its probable future ‘Service life and probable future economic 
Definition of Depreciation.—The depreciation of any physical property unit 
ata any service age, is its loss of value, since its service started, due to decrease 

in the present worth of its probable future earned operation returns, below what ; 


ES ZS (probable) sapabern of years of future service and probable values ty 


aint of the yearly services. — _ Such forecasts can be made correctly only by the sound Bs. z 


5 * judgments of impartial persons who a: are qualified to understand the mortality Bi 
4 and other technical characteristics of different kinds of physical property units, — 
f and who personally ex: examine the particular units whose depreciations are being — 


ae _ Property units should be ‘Teexamined by qualified persons, from time to P 
ee a: time throughout their service lives, and the estimates of the depreciations at 
ae different dates should be kept constantly in accord with sound current forecasts | 
. the numbers of years o of future service an and of the yearly operation returns 
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expenses ‘are those for keeping the property units in 
es condition for use. Examples are the costs of inspecting, painting, and repair- a 
a4 ing structures and equipment. Maintenance expenses are paid from yearly 
income, and constitute part of the yearly operation costs. Maintenance cost 
= accountancy, therefore, consists simply in making properly classified accounting 
records of the yearly maintenance expenditures. gait Ba; 
Depreciation losses of value, on the other hand, are which cannot 
: aes J _ be made good in a physical way until new units are substituted for the de- - 
preciated units at the ends of their service lives. Depreciation expense 


therefore, is a comparatively complicated process by which annual 


(usually reinvestment in new property units for replacements and additions) 
create depreciation Teserve, | which should be at all times just. equal to 
accrued actual depreciations of all existing property wu units. this way 
ee correct annual cost is known and the depreciation reserve account shows 73, é 


‘Because of the time-honored custom in governmental accounting of staying 

Bit strictly i in the cash accounts, , depreciation of public properties simply has not ea tat 
accounted for. for municipalities it is probably safe to state that 

22 only in recent years has there been any attempt to account for depreciation of | er | lg 

their electric, water, and other utilities. In those few cases where cities have 
made: allowances for depreciation in their accounting, ‘there has been little 
When, therefore, mention is made of the depreciation of other public prop- 
erties, particularly those which do n not produce d direct Tevenues, immediate 
ee ¥ objection may be raised on the ground that the g government is not in business ba oe 
for profit, is not compelled to operate its functions and businesses solely from 


user revenues, and that there is no need of knowing the relations between 
investment, ‘expenditures, annual costs, and revenues. Nevertheless, if econ- 
8 a * omy in government is to be attained, sound principles of business management =) re 
iy ite : must be followed. As.governments more and more take over and enter into ike 
operations that might be regarded as business enterprises, either competitive 
or noncompetitive with private interests, it is essential to adopt accounting 


° pect c practices, equal to those that the government prescribes for regulated utilities. _ q 


— 


: This will include the accounting for physical properties, depreciation, operating — 


revenues, operating expenses, and the compilation of balance sheets and oper- 


ss all, of course), it is probable that if all the costs were collected and reported i an 
_ it could be shown that such activities handled by the government | could be 


purchased at less cost from private ‘companies. ‘Where there is, and where 


at 


4 
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s not, legitima ortunity for the government in business can best be 
cost analysis and scientific evaluation of the worth 


2 he it is the one that government agents and the public alike are prone to rad - 
i Engineers i in government service are responsible for the operation of huge _ 
public works, Their future and the future « of public works depend upon the 


showing they make. Yet generally they are deprived of the opportunity y of 
_— an actual financial accounting of their enterprises because of laws 


R: investment and depreciation ledgers for its primary anaes of about 9,200 miles. 


Obviously, before depreciation can be estimated it is necessary to account 


for the physical properties that depreciate. - For highways, a as well as for other rei 


__ Broperties, it is necessary to adopt accounting units that will permit accounting — 
yew - for the properties by location and kind. If any system of highways i is laid out ve 
into a number of route sections with termini at more or less fixed geographical — 

landmarks, a number of basic units are obtained, complex though they be, 
vee which will serve for accounting operations as well as for engineering and con- 
operations. These route sections should be governed i in length by 
municipal, county, and state boundaries, route intersections, stream « crossings, 
abrupt changes in topography, character of traffic, and convenient construction 
Saat Within the route section it is 3 necessary to provide for investment accounts 
a on the basis of the function and character of the construction, with due regard 


art 


Roadway and drainage grading g and | earthwork?” 
Drainage structures and roadway earthwork protective structures 


Roadway surface and base (by roadway surface type) 

Improved shoulders and approach surfacing as bas, 
Bridges, viaducts, and tunnels (by individual structure) 
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estimate and engineer’s fi final report. 
process of estimating depreciation for need 
_ different from that used for other types of properties. Perhaps there is not Fees 
 available.as much factual inf information and nd well-informed | opinion as as to deprecia- 
tion and the factors causing , depreciation ¢ of highways as there are for certain pee q 
. Oe, types of industrial properties, but the same basic principles and methods should ay 3 

Aes be used. As the highway systems are rebuilt, expanded, and relocated, date 
become available that can be analyzed by accepted statistical methods to de ; 

oa _ termine probable average lives and life expectancies. Again, these methods — 

the same as are being used by many utilities and other industries. 

To account for depreciation | of public properties on a correct basis is new; 

depreciation reserve accounts and depreciation expense in public highway ac- 

countancy until recently were wholly foreign elements. Because of a diversity 
ages, ‘qualities « of construction, ‘service conditions, types of materials, and 
variety of design, highway property lends itself to a modified form of group Se 
depreciation accountancy. If each route section is considered separately, all 

e variables can be investigated and the annual depreciation calculated for 4 
each investment account for each route section. ‘With this breakdown, total 
depreciation can then be obtained for any complete route, area, and account. i Me 

To complete the accounting picture, maintenance costs, administrative 
costs, and other items of annual cost should be allocated to the same route ae 
. _ sections 80 that the true annual cost may be obtained for comparison of onal es 


‘Public: works and public | finance should set out any new principles of o. one 


a ‘suggestion is offered that depreciation 


__- In recent years there has been much talk of budgeting, long-range planning, fs 


to increase the level of business activity. of 
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private decay, | obsolete, and suffer for need of 
aa - modernization. Depreciation studies will bring out these needs, determine 
i. a rates of losses in values, and become the basis of of of estimating annual s sums neces- — 

eq sary to provide the citizens with physical properties necessary to. the proper 
wes functioning of their government. Why, for instance, could not every state a 
r legislature, school board, and city council provide about a constant sum annu- 
: ally for building replacements and extensions? In the end the costs would be 
less and the burdens more evenly spread over generation to generation. De- 
preciation is inevitable; a good government must recognize and must budget 
for it in the same manner as for other annual expense. 

tn oral ‘The definitions of value and depreciation, under the heading “Value an and 


er _ Depreciation,” were written by Anson Marston, Past-President and Hon. M. | 


f public properties is ding or tax budget, and 
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F. M. A. Soc. C. E., L. T. Esq.—I 
a the Board of Direction appointed a | Special Committee to Formulate * 
Principles: and Methods for the Valuation of Railroad Property and Other Public 
Utilities composed of the following eminent engineers, all deceased: Frederic P. 
Chairman, Leonard Metcalf, Secretary, Thomas H. Johnson Alfred 
Noble, , William G. Raymond, at and Jonathan P. Snow, Members, Am. Soc. 
—C. E In 1914 Henry E. Riggs, Past-President, Am. Soc. C. E., William J. 
s, Hon. M. ‘Am. Soc. C. E., and the late Charles 8. Churchill, M. Am. a, 
were appointed to the committee to fill vacancies. ~The com- 


ofl 


pf “we principles and discussing the fundamental aspects of the depreciation prob- i 
ie lem. Fe Their eir report of 1917) was a classic of its time and so far as fundamentals — ; 
are ‘concerned there has been no ‘0 significant change in the succeeding twenty- e: 
Ss "However, developments i in procedure have resulted from the activities of et 
many regulatory agencies concerned with the subject. The Interstate 
_ Commerce Commission, charged by the Valuation Act of 1913 with the duty of — 
making valuations of the railroads and other common carriers, has given con- 
_ siderable time and thought to the depreciation question, and its record on that — 


subject consists of more than 10,000 pages of testimony and argument. 
‘Waa Commission appointed William D. Pence, John 8. Worley, Edwin F. Wendt, — 
s and the late Robert A. _ Thompson and the late Howard M. Jones, Members, J 
sD Am. Soc. C. E., to an Engineering Board which outlined the procedure that was 
followed i in the field and office. — During the progress of this work on the rail- | 
road valuations, { from 1913 to 1921, there was s developed what is known as the i 
 aeend ‘method of ‘valuation, whieh 1 is now very generally followed in publi 
1917 report of the Valuation Committee gave exhaustive t1 treatment 


a valuation. This Symposium extends that report, in its fundamental 
= to new ficde—-competitive industry, and public works and | govern- 

< ataeaial the leading thesis of his paper, Mr. Walls compares the determination 
a. the depreciation in property as of any time by the method, which he favors, _ ; 
& of using engineering and technical knowledge in the same way as it is used in a 
connection with ‘safety standards, replacements of property, , and selections of 


and by methods based on age-life theory. OA question is raised as- 


companies treat human lives, with the possible exception of comers 
facilities and a relatively omall proportion of other utilities. 
Cons. Engr., Pittsburgh, Pa. 


Engr., Chicago, 
‘ 4s Transactions, Am. ‘Soc. c. E., Vol. LXXXI (December 
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value based on the of income from property and largely 
_ independent of the depreciation in the property as of the date of valuation nh 
must be disregarded. The rate base is an artificial element—it is not neces- x 
a sarily, « or often, the value of the property, and the principal problem in these | hay 
cases is the determination of fair return, toward which the estimation of exist 
_ ing depreciation is but a part. Fair return means what is right and just to all — 
. parties, and it can never be more than an approximation to the ideal. -Through- — 
out the life of each element of a 4 property, the ideal would provide a uniform 
rate of return on the unamortized part of the investment, uniform annual de-— 


 preciation charges, and a uniform total annual cost of return, 


a tH ‘The estimates of depreciation must not be subject to unreasonable error ae 
ar and it is highly desirable that the cost of m making | the estimates be kept toa 
minimum consistent with the necessary accuracy, and also that the m ethod 
: cs of estimation used be not too complex for clear exposition before commissions 
and courts. _ The age-life method is advantageous i in this respect, especiall 
in the case of properties of considerable size in the v aluation of which th 
De a engineer who is to introduce and support the valuation can do but a small part 
of the work. Furthermore, age-life estimates are required for the purpose of _ 
setting, or substantiating, the estimated future annual depreciation charges 
‘ ah to operating expenses which come ahead of fair return; and it is difficult to 
refute the argument that the same age and life estimates should determing 
depreciation existing at the date of valuation. 
‘ The Interstate Commerce Commission has made: valuations; : for rate; 
making purposes, of the properties of more than 1,800 steam railroads, most _ 
i the field work being done between 19: 1913 and (1922, inclusive. — Depreciation 
was estimated on the ‘straight-line basis , life expectancies being based, in % 
general, on established average lives for the different types of property and not ie 
ont a true actuarial basis. — Although no publication has been made of a com ‘ 
arison of the actual subsequent mortality of the railroad property inventoried 
with the estimates of the Bureau of Valuation, it is believed that the estimates 
‘have not been discredited by the actual mortality experience. 
Obviously, i in estimating the depreciation applicable to a specific item of 
property as of a given date, all relevant facts pertaining thereto should be given 
consideration by the appraiser whatever depreciation theory i is being followed 
‘Under a ‘mathematical basis using ages | and lives, the size of of the sample fr from 


“spp vil insist on the application of botesohad after an inspection of the 
property and examination of the replacement. and maintenance Tecords, what- 
ever the basis; and he will reach substantially the same result by. any method. E 
4 ees. short, the thought i in Mr. Wall’s closing sentence may be be succinctly re- 
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Grant up a subject which heretofore has not 7 
ae a by committees of the Society, and which has had but scant recognition in ‘s 
‘papers published i in Transactions. . The subject i is an important o one to the many 
Ets ed in industrial work, and the secti geconomy 

engineers engaged in industrial work, and the sections on. engineering economy 

a studies relative to a proposed new investment, and economy studies for pro- a 
posed retirements, are equally applicable to regulated industry. 


“a In the matter of the so-called losses on retirements of property depreciated ia 


“under the group method, while the regulations of the Bureau of Internal Rev- i ; 


Ay 
ie enue preclude the allowance of such losses, for tax purposes, at the time of I : 2 


the retirement in the case of property retired before the estimated average 


si os a life of the group has been reached, such losses may often be allowable — 

as deductions when the last unit of the group is retired, if the investment in 

group has not been made up through the depreciation charges. 

Ber Although Professor Grant undoubtedly is correct in his opinion that, in _ 

a e. — the decrease in value of manufacturing equipment is greater in the a. 
ae early years | of the life of the equipment than in the later years, such decrease 

a  . = (ia ims value is not, ashe points out earlier in the p paper, the same thing a as account- : 

es sing depreciation, and there are valid arguments against reflecting such differ- __ 

— enees i in the rates of depreciation used i in determining the annual depreciation — a 


g product costs 


and in ‘reaching decisions relative to ‘replacements ofequipment. = 
Grant’s paper is excellent and is permanent contribution to 24 
paper by Messrs. Crum and Winfrey | contains a statement of sound 
public policy. The engineer is an important person in the preparation of 
budgets and the spending of public moneys: He must account for the ex- 
penditures. Depreciation is an element of cost and provision n should be made 

nt ois for proper governmental accounting to aid the administrator and the engineer - ‘see 

their public work. These authors have outlined the elements of the problem 

and have clearly illustrated how depreciation should be used in the manage- 

_ment of public works and enterprises operated by governments. They have 

‘depreciation accountancy does have a place in government 

procedures and finance. Until financial reports take full account 

all items of annual costs, and account for investment in physical prop- 

Lain Dione. erties, they must be regarded as only partial truths. * * * Depreciation — 4 a ’ 


in the same manner as for other annual expense 

_ ANSON MARsTON, Past-PRESIDENT AND Hon. . Am Soc. 


There has been, and still is, much: confusion of thought a1 among writers: on 
fundamental depreciation principles. The writer "confesses that his own ideas 
have changed (he hopes progressed) during some thirty odd years of study and ‘a 
a considerable writing on this subject, and he reserves the ‘Tight to make further _ 
regardless of what he has ‘already written. Perhaps this ‘eonfession 
- may win him pardon | for disagreeing with some of the views expressed in =. 
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DEPRECIATION 


each y year, the: exchange value is determined by the present \ worth of the ire 
: casted (not the recorded), Probable (not the actual), future (not the past or 
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session’ as if they were agencies whose effects on depreciation. could be cal- 
culated i | in some mysterious way other than by judging their probable effects — 

; upon pon probable future service lives (expectancies) and upon n probable ratios of 
future to average annual operation return values. — There has been 2 blind 
spot’? here in thinking about value (including the negative value called de- 
preciation). That “blind spot” is not entirely a universal affliction 


shown by Professor Grant’ lucid statements in the “Synopsis” and ‘ 


(3) Their mental “blind spot” as to the vital réle of forecasts in 
value an and depreciation hi has left most writers on depreciation in much the same a 

situation as the old Roman water supply « engineers who were unable to conceive 
see a compound unit of measurement of flow ot water that included velocity in — 
¥ oe addition to the cross section of the stream. So Frontinus, in his famous book 
(translated by the late Clemens Herschel, Past-President and Hon. M. Am. 
——— Boe. C. E.), had a hard time trying to explain why the sum of the cross sections tote. 4 
sof the aqueduct flows was not equal to the sum of the ‘quinaria” units of area 
Neg _ of deliveries from the aqueducts, just as writers « on depreciation become con- Ea 


Wi 
A widespread, unfortunate “misconception about the of 


oY actual facts of future service lives ; prove (as | they ey almost always do) to be dif- 

z - ferent from the forecasts, the depreciations and values based on the forecasts a 

7 FS were wrong. id The truth i ‘is that it is not the actual future service lives and d ser- . 

but their forecasts which determine the true depreciations and the true 
_ values at the time the forecasts were made. In estimating values and deprecia- % ad. 

-. iy tions of values the engineer is concerned primarily with exchange values, what f 
sae willing purchasers | will pay and willing sellers take, in mediums s of exchange or or 
i goods, for the units of property bought and sold. _ The other shades of meaning — 

_ sometimes given by usage to the term “‘value”’ ’ (and discussed by Bonbright in — 
the two volumes to which 1 Professor ‘ Grant refers! rs‘) ne need consideration i in con- 
4 nection with depreciation only as they can be ‘expressed i in terms of their fe 
.. tionships to basic exchange values. Tucked away rather inconspicuously ae 

; ‘3 a page| in Bonbright’ 8 work'® will I be found a quotation from the decision written 
by the well-beloved late Justice Oliver Wendell Holmes of the United Sta 
e: Supreme Court in an inheritance division case, as follows: ee id 


Wee. of 4. Cc. McGraw-Hill Book Co., Inc. 
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Another widespread, ‘unfortunate n misconception about the réle of fore- 


ports of actual later service life facts . On the contrary, Podierwie=Be 
the then. existing property units and the conditions under which they are 
serving should be repeated and new ; forecasts made of expectancies and future rat 
annual operation return value ratios frequently enough to keep the forecasts 
; constantly corrected ‘to agree with the facts « of actual service life. Industria a 
in managentént poliéles and business conditions, and partly from retirements ae 
f if replacements, and additions of physical property units. s. The replacement 
items often differ greatly from those retired. The i imminence of inadequacy, 
obsolescence, and supersession functional retirements must always be considered 
in making the repeated new forecasts. Upon completing each new forecast 
that conflicts with the preceding, the current , depreciated values of the cuent 
_ existing property items, or groups of items, should be taken as new deprecia- . 
tion bases. In this manner, the annual actual depreciations are distributed 
service lives in with the actual cumulative growth of 
The writer agrees with Mr. Walls’ view (see “Synopsis” 
ei tion in property as of any time is an accomplished | fact”; and that, “to deter- 
that fact, engineering and technical knowledge should be *[of 
course, in the most correct, simple, direct way].” 
These “accomplished fact” depreciations are ‘same for privately 
owned and publicly o owned properties; they are the same also for public utilities 
4 and for private industrial enterprise properties, except in so far as these dif- I 


Me aor G ferent classes of property differ as to original costs, costs of capital, and rates 


: oe: Je It is the wi writer’ 8 view, apparently somewhat different from that of Mr, 


Valls, that the correct way to apply engineering and technical knowledge i a 
sf 3 estimating depreciation is that described in Paragraph 5, herein; and that Ka 
industrial property mortality curves can be of great value i in ‘the ‘work. | ‘Hun- tee, 
dreds of such mortality. curves have been prepared from actual ‘mortality dat: ta 
_ of different kinds of physical property and it has been found that some eighteen 
or twenty types of curves may be used to represent all classes of these prop- 


a 4 ae erties. _ In the technique of using them, these types of curves: serve simply as 


ee A ‘aids to the judgment of forecasters who have examined the units ‘neteonally. 
(9) The writer has been greatly interested in the paper by Professor Grant, 
especially i in his exposition of the economic principles that should govern judg- 
ments in ‘deciding when to make retirements of existing industrial property 
- units. The writer concurs almost completely in the views expressed in this _ 


e of property nds largely 
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DE 


concept is stated in the ‘Definition of Depreciation” given 
Crum a m and Winfrey (see “Value at and Depreciation”). a It may be termed the Bet 

2% Sa “present worth” concept. In the technique of its use, the effects of changes in | 
price levels are provided for by using different depreciation 
to: rq Yo 4d 

The « original cost new, less salvage value—for customary 


: Ig (b) Fair value new, less salvage value—for the Baltimore Street. Railway 
Case decision,” legal public utility depreciation—and for snginening valua- 
Reproduction new, less salvage value—for insurance damage 


The ‘ “condition per cent multipliers are the same for all three de- 


ne 
preciation bases. Professor Grant’s Example 1, the salvage value is 0, 
the at i cost base is $5, 000, the reproduction. cost base is $6,500; ); and the 
aH ” condition Percentage is 80%, the original cost depreciation i ae 
preciation is $1,300. (The $200 difference 
Pi Grant’s reproduction cost depreciation is his adopted additional 
deduction f for the less modern design and assumed higher early maintenance 


a3 pa... The writer indorses almost completely Professor Grant 8 views about ; 


” Concerning their application 3, it may be remarked 
that the longer the expectancy of the existing property “‘old asset,” the Tess 
certainty there can be that its retirement would be wise on the basis of a cal- 


culation involving so many factors that can ‘merely be estimated. The resul 
_ of the calculation, as Professor Grant stresses, can be changed greatly at wi a 
_ by changing the assumed rate | of fair return, 0: or the estimated service life, and ~ 
_ especially by changing the | e estimated “annual disbursements.” Pri 
Fe _ Grant’ s calculations show that a 40% decrease in the estimated annual dis- 
es _bursements for the substitute unit will i increase the calculated wise cost ; pay- 
ment for the : substitute 245%. Is it not likely that this situation is a main 


for adopting a management rule that new units substituted for present 


life expectancies of of the “old assets” are material disburse- 
a (13) Example 4 furnishes a good illustration of what a little difference - Sey 
peter about the “annual disbursements” on substitute unit would do to a 


uv United | Railways ona Electric Co. « of Baltimore vs. West, 8.1 3H, 247, 
Ct. Rep. 8. Sup. Ct., Jan. 6, 1930. 
Ser’ 


— 
— 
— 
— 
— 
ope — 
— 
— 
— 
— 
— 
— 
tations as those in Example 3 are better helps to judgment than mere hunches 
S ___ in deciding when retirements are wise. In his own practice, the writer has ae pe | 
— 
— 
— 
— 
is — 
— 
— 


the annual on the substitute unit only 

10% cuts the appraisal value of the old asset 53% (from $663 to $312). aoer 4 
adi ( The writer finds himself unable to agree with Professor Grant that 
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engineering valuations of industrial sg The trend of progress in ee 

“ tion methods is in a quite | different direction. courts, federal tax officials, 
= and valuation e engineers are shying 1 more and more away from theoretical formu- > 

a. a5 las to the solid bases of: (a) Continuous-inventory property ledger accounts of the 4 

% actual original costs of all physical property units (or groups: of units) ; (b) total 

i ae and annual depreciation allowances that check | closely with complete mortality — 

3 aS bac’ records of physical property retirements, and which create and maintain - | 
preciation reserves just equal | to the total actual depreciation; (c) 

3 ae _ changes anges in the values new and corresponding depreciations nét of the total 
but of individual old property units to allow for the effects in present values 

= = = of changes in price levels; (d) inclusion of only actually disbursed overhead 
ae, ‘capital- -cost expenditures on the values, new; and (e) only very conservative ie 


aa 7 expressed i in the Symposium paper on “Relationship to to ) Public Works and Gov- 
= “Are ernmental Finance” of the fundamental aspects of the depreciation problem, 
; E, ; ae he rules himself disqualified, for obvious reasons, to comment on this able paper 


G. _Arwoop, M. Am. Soc. Cc. E. —The three papers presented 
‘ in this Symposium show, as is realized by all students of the problem, that a . ae 
as precise definition for the cone “‘depreciation”’ is the first requisite for a study of — 


eee the subject. Mr. Walls makes this clear in his paper and suggests an approach. a he 
is a great mass of literature on the subject, most of which has been written ‘ 

bya authors with a limited class of problems in mind. After studying much of 4 
material the reader cannot “‘see the forest for the trees.” Sey p 
Bes _ Depreciation is a physical and economic fact which, in ‘mest cases, must a 4 t 


es finally | be measured in dollars. In order to determine the number of dollars it _ 


‘isg generally first ‘necessary to find the percentage of value that remains. 
dollars are merely markers. The use of the term “depreciation” in accounting ; 4 eo 
: a i one of the causes of the difficulty i in defining the term correctly ae instead of of et 


Professor Grant, one of the difficulties would be removed. Ts 

“a Depreciation” charges i in accounting are generally based on the ‘ “straight- = 
ih or “age-life” theory. _ The writer agrees with Mr. Walls that this method as. 

4 Bates does not show the facts correctly. Perhaps, among the reasons for its popu- _ 
larity i is that it is simple and arithmetical and that it can be readily understood ee 


_ by the courts and commissions. Itis probably necessary to use this method for 


a 


oe accounting because of the difficulty and expense in finding the actual deprecia- 
: s on all units of a large property at short enough intervals of time to make it 


“depreciation” the account were called “amortized cost, ” as suggested by 


Engr., Cam of Engrs., U. 8. Army, New York, N. sa 
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were not called “depreciation” this nec ne 

pag The inaccuracy in this method may be illustrated sedles: The original — 
Interstate Commerce rules specified a 50-yr life for frame buildings. The 
a writer happens to know of two frame houses i in good condition which have rerdl 


have a life of 25 y years. ‘The remembers an ‘engine ust ‘used for. 
<a ‘ or in a roundhouse that operated for more than 70 years. Other — 


When the is removed from consideration, depreciation 


becomes a loss in value caused by age and wear, changes in the demand on the 
obsolescence. the value of each of these 
factors and their combination into a percentage which represents the loss in the _ 
ir value of the unit is a matter for trained engineering judgment aided by all m .) 
‘There has been much discussion, and many books and articles have been 


written about how to property when the results are to be used 


pide! 


4. _ Supreme Court on April 30, 1934," * defined depreciation as follows: ‘4 


oaliatig “Broadly speaking, depreciation is the Joss, not restored by current 
maintenance, which is due to the factors causing ultimate retirement of — 
_ the property. These factors embrace wear and tear, decay, inadequacy 


This would seem to be a proper definition. Why should not the engineering 
profession adopt such a definition, cease to refer to the “straight-line” account- 
ing method as depreciation, use the term “amortized cost” for accounting 
ae. be purposes, and eliminate the idea that the amount of depreciation 7 varies with 
§ purpose for which the data aretobe used? 
re: ae With this | done the Joint Committee on Depreciation (under whose auspices 


i the Symposium is s presented) « could collect, analyze, : and publish a great amount: 
¥e _ of data that would aid the engineer in his judgment when establishing deprecia- — 
tion percentages in any case under consideration. 


George E. Esq.—The unwillingness of public utility 
_Tepresentatives to face the depreciation: ‘problem i is Teflected in in the paper by 
: Mr. Walls. This ‘unwillingness i is understandable in view of past history, but | 

“ e it has now become extremely dangerous to public utility interests. 
After the close of the “cutthroat” competitive era and | before effective regu-_ 


% ~ lation had been imposed, ‘most utility owners and many railroads were in the 
Position of possessing monopoly franchises under which profits could be realized — Bs % 


< © 


far in excess of the present conception of a fair return. Such franchises were +> 


— 
it 
d 
| od for estimating whether it is economical to replace a unit | — 
to be reported to a commission as depreciation in 
1, [Ml entirely different from that to to the writer to be good engineering thought —- 
— 
— 
4 
— 
a | 
= — 
|! 
Lindhsimer of al. ve. Tinois Bell Telephone Go , 202 U. 8. 151 (1994), p. 167, 


were merely attachments, so to speak, which could be readily maintained r 
replaced without any particular care as to amortization procedure; or in 
a fact without any amortization whatever. The owners did not consider it 4 _ 
= necessary to face any depreciation problem, and when conditions changed they 
were naturally reluctant to admit that such problem existed. ¢ after 4 


introduction of regulation, the long period of rapid business growth and 
of court-supported reproduction-cost valuations combined to make possible 


further postponement to a realization of the problem. This past history has 
colored the views of nearly all utility managements, and has inhibited their 
Tepresentatives from frank statements Tegarding depreciation, 
capital charge with | regard to any of perishable or depreciable 
"property i is merely a deferred operating expense. When a company has 
-. sae money for such property and charged it to capital account, it cannot issue an 
a a honest statement of earnings for any subsequent year without including in 
le its expenses a due proportion of the cost of that capital item. It is immaterial - 
: as to whether it is called amortization, depreciation, or even retirement ex-— a 
oa = - ‘:pense. If iti is a due proportion of the cost of the capital asset, it must be based — 
ae on n an estimate of life. It is perfectly futile to argue that a reliable estimate of 
<r : life cannot be made; an estimate is nevertheless absolutely necessary, because 3 
otherwise t the earning statement | is misleading if it is not actually 


4i 


= 


7 


than the amount fairly chargeable against operating expenses within its. 
remaining life. This conclusion also follows from the general premise that 
ot value of a depreciable capital asset resides solely in its capacity for giving service — 4 

in the future. _ Without = such capacity, there would be no excuse a3) 


The management that bought and installed a bises of 
i ‘vate! in 1925 had it charged to the capital account in the well founded — 4 
hope or or expectation that it would be useful for a considerable pe period of future 

Be aie years. None of the oficials expected it to last forever; they all knew it would Zz 


ay mM es. vi have to. be retired within a very limited period of years f for some reason or 
other, and so they should have faced, immediately, the accounting problem of 
$a ay Fe distributing its cost as equitably as possible among the consumers benefited a q 


Be etd and within the period when it would be useful to them. What excuse did they in - 


fe for not facing this problem, and how coul they purport to issue an 


Tx _ The answer is that they felt relieved from any economic necessity for show- Ss 
ing costs | because they depended | on their monopoly power, supported by the | j 


"vague phrasing. of the court-made law, to enable them to felmburse themselves 


4 “for their unamortized investment after the asset had disappeared. = a 


‘They object to the depreciation because it carries unpleasant 


Bey? 


a tions as to loss in value. — Suppose, how vever, that it is merely called amoritiza- 
- tion, and a plan is devised which seems financially sound. ” Of (as the writer — 
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then the unamortized cost is an estimate of. remaining value. Hence, 
Ha an intelligently planned amortization program is inherently a depreciation we 
program, an and accrued depreciation is best measured by the balance in ZY 
"properly accrued reserve, subject only to substantial alterations in life expect- 
ney taking place since the program was initiated. Additional value can be me 
realized only through the monopoly Power of the utility ‘company, when sup- 
ported by legal rights, 1 to collect revenues greater than c can be economically 
justified by cost of service, 
Professor Grant’s excellent paper displays the realistic approach to a = 
depreciation problem that is to be expected from representatives of competitive _ 
industry, who have no monopoly power backed by “‘due process” ’ law to “bail 
out the water” accumulated by past neglect of financial “leaks.” ’ His attack 
the plausibility of sinking-fund accounting is good. The practical 
Gee of sinking-fund accounting is to postpone amortization, which is one 
ie reason for its popularity in certain circles; but anything that postpones amortiza- 


tion is an invitation to financial s suicide. 
‘The writer would like to warn against tying up the proble 
directly with the depreciation problem. Considerable confusion has {poll 
_— from assumptions that a utility plant i is maintained i in practically 100% condi 
red tion by periodical replacements of parts as they ‘become worn or prada and 
from that the false conclusion is reached that the outstanding purpose of d : 
_ preciation accounting i is to build up a fund whereby replacement may be made. be 
“Actually the depreciation problem exists with regard to : any perishable item 
; 3 of property whether or not it is replaced, and to the same degree. Once a 
charge has been made to the investment account for the acquisition of ‘See 
wh perishable plant item, it is economically necessary to arrange for writing off 
that investment before the item is retired, and the theoretically correct use cae 
_ the money is not merely to replace it (because it may never be replaced), but 


ie to retire the debt or other obligation incurred i in connection with its purchase 


It i is best, for clear thought « on the subject, to avoid as far as possible the con 


7 built to take care of additional load; the use of the old + Reon reduced until : 
_ it becomes only a standby; and finally it is retired and dismantled. There has 
bes not necessarily been a direct replacement at any time, but the indirect re- 
placement has been made long before the retirement of the old item. 
examples could be cited in which it is difficult even to find an indirect replace- 
- ment, such as the discontinuance of service in a certain area due to the removal ; 
of industry a or shift in population. In any any case, i it is economically necessary to 
- amortize the investment during the service life, regardless of how or whether 
ey —D Data available for the statistical study of the service life of a utility property 
are often of such nature as to justify skepticism as to the results. 
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ACOBS ON DEPRECIATION 
neous within the given accounting classification), and the w writer has obtained 
results of remarkable consistency as between various properties owned w 


af different companies in widely different areas. It is proper to say that the 
results should be examined with caution, ‘and should not be used unless’ they 


ba seem plausible by other tests. At the very least, however, they represent, in 
; 4 certain property groups, the best methods now available for statistical study F 


property life under existing and past co conditions. | _ They are certainly better 


My of public utility accounting that the writer does not believe it is pertinent — 
aa make comment from the regulatory standpoint. If he understands correctly, 

oH 9 these authors recommend i in effect that a system of accounting which is sound — * 


4 for private enterprise * would aid the government i in _ determining the e ccohiatele 


2 element that an engineer must consider in nthe design of any public improvement, _ 
it does not necessarily follow that the elements of the depreciation assumption — 4 

_ which he uses in selecting a a given project a1 are the same as an accountant would : 
; bie ‘consider i in setting up annual or accrued depreciation on the books and records che S 
ao f the public authority; nor oF is either "of the these to be > confused w with the deprecia- a : 
~ tion that would be fixed by an appraisal e engineer in setting up ‘the deduction __ 
ca which should be made for accrued depreciation i in determining present value. 
In selecting a given project from | a group of alternates the engineer computes 
a 
o probable annual cost, to determine which is the most desirable and eco- a 
nomical. In doing this he will use his judgment | as to the probable length « of 
service which. the project will undergo. this is a new project the engineer 
___ will be guided solely by his judgment, in comparing one project with the others. 
ae His judgment, of course, will be tempered by his past experience, | but ; it is his 
a estimate of the future . In accounting for depreciation annually the comp- 
‘ troller will have available and can use the past experience with the particular rs 
are ae unit or project, and will continually have the advantage of actual observation — 9 4 


to determine how much of the life of the unit, or how much of its value, has gone. a a 


on Some years ‘ago. officials of the. City. of Pittsburgh, Pa., desired to exempt, 

from the limits of municipal indebtedness, bonds which were issued for water- ie 
eS _ works purposes” on the grounds that “the net revenue derived from said prop- 
y * * * shall have been sufficient to pay interest and sinking fund charges.” 


% At that time municipal water-works utilities in the Commonwealth of Pennsyl- — 
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-vania were pained: ‘by the Public Setvies Law, to keep their records 
according to a Uniform System of Accounts, which required setting up de- 
ie preciation as an operating expense. — The city controller r called the atte attention of 
r the referee appointed by the court to the fact that if depreciation ¥ were set up 
| as an expense, the net revenue would not be sufficient to pay the interest and 
sinking-fund charges: The refereefound:®= 
cet 10 “It seems reasonable, therefore, that a depreciation reserve should be oe 
set up in some form or other to keep the water plant in a functioning ~ 
condition and the inclusion of a proper amount for this purpose is a 
sa proper item of operating expense. It is also clear that it Rand 7 not be 
$ “a proper to compel the City in operating a public utility to charge as ~ ee 
item of operating expense both a depreciation reserve and the amount i 
_ quired to meet interest and sinking-fund charges on debt incurred for _ 
plant construction. It is immaterial, however, as to the form that 
depreciation reserve takes, so long as it is in fact taken care of, and 8o 
Bagg that the public utility will be continued as a functioning plant * be Sa es 
, i? ra since the principal payments for water debt reduction exceedéd the require- __ 
ca _ ments for a depreciation reserve * * * no further charge need be made as’ 
Rew an operating expense in determining the net revenue of the City from the 
wid operation of its water plant ** 
a Although the finding by the referee may be sound practice i in public works 


of bonds or the creation of sinking-fund, i is equivalent to taking 7 
_ depreciation, it is not in accordance with a sound accounting system for a pe! 
public authority t to neglect to charge depreciation, ‘since generally there is no 


a relation whatever between the rates of depreciation and those for bond retir a 
Page _ ment, The annual debt service for the retirement of bonds or for a sinking- 
my fund as provided by a municipal or public authority in administering its public © i 

works will be greater than the amount which an accountant or engineer would 
place as representing the annual reduction in value which is taking place. Ritiee 
_ In private business it was always considered to be good policy to “get out 
of debt” as SOON as possible. This i is probably more important in public works, 
where it is not unusual for any given project to be bonded for 100% of its ec cost, 
so that it is highly desirable to create an equity for the owner as rapidly as — 
possible. Following this principle, advocates of governmental economy are 
 recomm ondi -28-You tice in an attem t to get m municipalities and & 
recommending pay as-you-go prac p g p 

others on to a basis where debt will be continually reduced and the item in the : EB: 

budget for debt service can be ultimately ¢ eliminated. In many cifies today the 7 

debt service for interest and retirement or sinking- fund bonds over a period. of 

recent years has been in excess of the amount spent each year on new improve- | ‘ 
; _ mente. "The advocates of this pay-as-you-go principle, therefore, are recom- 


. a return t to a recei ipts and expenditures basis, thus eliminating the need — 


Although these considerations may indicate that it is. not necessary for 


public work actually to be Fd up on the books for accounting Purposes in 


™ Hoffman vs. Kline et al. = Pa. 485. 
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sideration. use of debt in lieu of should bo is dangerous ¢ and 
Pye open to considerable error. In the first place, long-term bonds are often issued 
a. ha payment of the construction of short-life property, so that the debt service <a 
_ continue far beyond th the physical service of the w works constructed. 
EN aa usual example i is the issuance of 30-yr bonds to pay for short-life street paving a 
and re-paving. In public works accounting there is often not a clear distinc- ie 


tion between maintenance and replacement. Sometimes bonds are issued 


contemplated construction which may not have been done. Recently i in one 


i. large city 20-yr bonds, issued for subway construction, which subway was never - 
built, were refunded and extended for another period of years. Depreciation 
= should be included in : public works accounting and finance, so that proper state- = 

ments of assets and liabilities can be compiled, 


ce of economics, accountancy, engineering, and management. The function a 

es _ the Committee has been, and is, to study the various aspects of Gentiles, 
4 A report is in preparation which will ‘Present the results of the Committee’s _ 

“labors. contacts not only with the members of this Committee but with 

3 Ee om - other students of the subject have disclosed such a variety of opinions that the 4 
a oe is reminded of the allegorical poem by John Godfrey Saxe entitled, — 
3 ; wn “Blind Men and the Elephant. ” The poem is too long to quote in full, but ite 
may be expressed by ‘abbrevinting all verses except the first and the last: 

‘It was six men of to learning much inclined od Hiw 

nied ‘That each by observation might satisfy his mind. ing: 
first (side) ‘is very like a wall’; ne io 

_ The fourth (knee) ‘is very like a tree’; 

The fifth (ear) ‘is mighty like a fan’ 

~ And so these men of Indostan disputed loud and long, fh jon 

in his own opinion exceeding stiff and strong, tdat 

Though was partly in the right and all were in the wrong. i 


The writer does not intend to suggest that those in the various fields it a 


ae professional endeavor who are studying depreciation are either blind o or all 
ae i wrong. _ The obvious point of the poem is that the nature of the contact an ‘ 
individual has with any subject is certain to influence his views and conelu- ; 

There i is real need for the that will flow from an ex- 
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went to see the elephant, though all of them were e blind, 
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‘estimating remaining life of 
pean and has pointed out the forces that both cause depreciation and con- sa 


“All ‘palimates of future life involve uncertainties and are assumptions, _ Ng 
wba and the farther these estimates are extended into the future, the less 


Moat engineers will readily admit the practical in most in- 


cs ‘ stances, of forecasting with certainty the remaining life of of machines or facilities. ¥ 


enable a qualified person to make a forecast of remaining li life 
ima given situation. The main difficulty arises with respect to those items of - 


ee plant which are greatly affected by forces whose incidence i is caee ‘ 


project past experience a as a guide into the future. i is done reg regardless 
Be: any question concerning the preponderant and variable influence of wpe a 
_ dictable future events on the retirement of property. These methods caper, ah 
to give a answers which satisfy the estimators, but it may be questioned whether 


54 the apparent refinement of the process is worth the cost and effort of the special uy 


cumulate, with the help of the utility industries concerned, factual data with 


i respect to the causes of retirement of utility property. These causes have - K 


ae a One of the projects of the NARUC Committee on ‘Depreciation is to ac- 


been classified i in three groups, namely: “Physical causes’ ’ such as wear ond aS ha 


“other « causes ” such a as orders of public civic 


differently, although a a serious effort has been made to uniformity. 
regularities it is believed that the diversity of the returns | is such that 


bee ae aight more than $349, 261, 000 of of plant in the most recent 10-yr on cS 
These companies represent more than $3,300,000,000 in operating fixed capital 


and more than $678, 000, 000 in annual operating revenues. — Of the total retired 


causes. ‘With functional causes having such a dominant influence i in the retire 
ment process the of estimates of future lives is 
The of of public utilities appear rtohave 
had a slow evolution from the early days when depreciation was not even recog- 4) 
nized as a factor in rate making. The pochent concentration of interest in a 
th the subject dates back - only to 1934 or 1935. Much progress has been 1 made i in ie 
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ewe even greater progress can n be expected i in the future. bg ‘It is to ee hoped tk that the 4 
x time is not far distant when a common basis will be found on which accountants, 7 
ggonomists, and engineers can reconcile their presently divergent views. Re 


‘= a gardless of what may be accomplished i in this direction, it will always be true, a 
as as ; Mr. Walls “states, that the treatment of depreciation cannot be reduced we 


SS eae “toa simple arithmetical process that will eliminate, or even reduce, the quality. 
+ 
sor amount of sound judgment required in the treatment of the problem.” Bask Se 


Sura,” Esq. —Referring to the view of Professor Grant, 

ae a. the writer wishes to re-emphasize that much of the confusion that has ‘existed, an 
and still persists, regarding the much-discussed subject of depreciation in 
x ar relation both to competitive industry | and to the public utility field i is due toa g 


4 failure to differentiate sharply between different concepts and to keep p clearly ie 
in mind the setting of the problem, tt the ‘Purposes of tl the study, and the uses m 
Mr. Walls has recognized the necessity of this realistic 
approach; and, therefore, he doubtless would agree that, in considering de- - 
preciation, regulatory authorities must refer constantly back to the relation- 
ships” between. that phenomenon and the objectives and processes of | 
control in general. _ The point which Mr. Walls emphasizes suggests that — 
he is concerned chiefly with depreciation i in rate-making and particularly with — er 4 


_ the accuracy of the deduction made from the rate base on this account. From cS 


lore. 
yen 


the viewpoint of the regulatory commission it is equally important that the 
= current, charges or accruals for depreciation be determined properly, for they y 


_ enter ' directly in into the costs, which must be reflected in the rates for service. Pek 
‘Since, i in a rate ci case, these two determinations—the rate base deduction and the 
= annual charge—are merely intermediate steps in an integral process (that is, a 
a the establishment of rates), it t is ni not surprising that the commissions in their #4 
3 renewed interest in n and more concentrated attention upon this problem are 
emphasizing the proposition that requires the use of the same basic 
The regulatory agencies generally would agree with Mr. Walls that deprecia- 7 
tion, as he expresses it, cannot be made to suit a definition but, rather, thatthe = 
_ definition must truly express the actualities of depreciation; but they would go i 4 ‘ 


on to argue that what are alleged to be the facts and realities of depreciation for ~~ 
one step of rate-making must be as having equal validity | for rother 


ia ERStae< Mr. Walls appears to contend that there i is a very fundamental difference 


Bee between the problem | of measuring depreciation at any given time and that of a) : 
3S estimating future service life. He contrasts the reliability of estimates of the 


extent to which causes of retirement have already acted with the 

: “of their operation in the future. ae At first glance, th the difficulty—if it it be a rea a us 
- icaty—ot predicting the future will seem to support his Position; yet, = 


Chairman, New Hampshire Public Service Commission, Concord, N. H, 
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purposes, because this requires the measurement and expression of 


ae Re It may be feasible, through the use of engineering ernyrrant to determine — 


, the ultimate impact ; and effect of such factors on service life cannot be foretold 
a exactly, the fact that they are acting is currently and necessarily affecting the — 
exe total service life, and this i is just as important it in its relation to the = 7 
depreciation of the property as is its mere physical condition. 
7. Of course, this is simply another way of stating that the ‘result can be a4 


more accurate than any one of the factors Upon | which it depends and, 


A “attached by by Mr. Walls ' to the distinction which he seeks to make in this or 
nection. Presumably he does not mean to suggest that data and methods 
a should be used i in establishing a basis for the current depreciation charges — 


suffered. In such event ‘end for the reasons already suggested, the 
oe is certain that commissions would be likely to hold that the estimates must be - - 
Perhaps Mr. ‘Walls intends, by his ¢ emphasis upon this 
distinction, to summarize or emphasize his conclusion that depreciation 
be treated ‘in a | superficial or oversimplified manner. With ‘this 


jour They, and their representatives on the committee dealing with ae <4 
the National Association of Railroad and Utilities Commis- 
pet 2 sioners, certainly concur in the view "that the estimated rate for the — 
ae fragmentary statistics. They would agree that it should reflect judgment as 
& to what the future is likely to hold. Even so, they would hold that s statistical — 
i ae = studies of past experience are useful in showing what has happened and what, 


therefore, other things equal, may be expected to happen i in the future. 


| 


54 a concerns in their attempts to meet their own problems (which may create nl e 


ee presumption as to their usefulness), @ question which may be fairly asked is: 
a What shall be substituted as @ means of forming judgments? — Is it to be a js 
“medical examination,” and if 80, what is that “medical examination” 

"The element of judgment may enter most appropriately into this process by es) So 

_ influencing the determination of the nature and extent of the statistical studies i a 
_ which shall be undertaken and by indicating what studies of this character can _ 

be justified. % Are group or unit methods better adapted to dealing with particu- — . 
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2 it appears that the argument for the exercise of judgment is _ ba ef 
not an argument for substituting that judgment entirely for the statistica th 


statistical approach as means of informing the judgment. 


BEVERLEY BENsoN,” M. Am. Soc. C.'E.—The principal conclusions to 
be drawn from Mr. Walls’ paper are: (a) That he considers | depreciation and gq ae 

ai 3 future life as entirely separate matters rather than that one is, in part at least, ca wee 
function of the other; (6) that the forces which cause depreciation can be — ee 

measured with reasonable accuracy but that the depreciation they cause cannot 
_ x a be so measured; (c) that remaining service life cannot be estimated with any __ Fi ah 


degree of and (d) that the estimate would be worthless if it could 
£ ore made. Of course, competitive industry dares not adopt so vague a plan for 


= f depreciation; but perhaps utilities, protected in their monopoly position by ie 


courts, can rely upon the regulatory bodies to save them i in the event that q 

ag Granting the difficulties ‘inherent in ai any objective plan for 
depreciation, the writer believes that a more definite procedure than the vague 
plan outlined by Mr. Walls is necessary. Remaining service life is the most 
important single criterion to be considered in estimating the value of any 
a economic item or group of items. In ordinary activities the amount one will 
=. _ pay for such an item depends upon his conscious or unconscious estimate of the a a 
‘ Se ia length of time it probably can be used. It is at this point that one finds the oy ae 
? distinction between deterioration as an engineering concept of efficiency an and q 
depreciation as an economic concept of value. A 4in. candle will give as much 
s&s ; ee light at the moment as an 8-in. candle of the same diameter, but the value of _ oe c 
eS the 4-in. candle is less because of the fewer hours it can continue to give e light. + “4 
Similarly, improvements to power plant m may improve its coal economy or 
es reduce maintenance expense or improve reliability, but the ultimate value of the | 4 a F 

By. a improvements is a function of the remaining life of the plant itself. 1 Professor — 4 


Grant s brilliant paper gives added emphasis to point, because estimated 
" fi ae remaining life forms the basis of much of his extremely interesting treatment. q 
am Although the importance of remaining life as a criterion of value is enormous 
a eal and (in the writer’s opinion) is controlling, it is nonetheless true that the “a 
: oe ae ‘difficulties of estimating r remaining life are real and that precision is probably aa 4 
‘not possible. Therefore, the wise executive will adopt a plan which permits 
However, there are many reasons for thinking that estimates of remaining 
life of physical property can be made with reasonable accuracy. In the first 
= @ aT. in a property of any considerable size sudden changes in life expectancy ‘s 
of the group as a whole are not likely, since the inertia of the mass acts as a 
3 ae stabilizer. For example, if a company has 20,000 electric meters and is cur- 
‘ag rently replacing 400 of them per year, it will take a long time for the intro- ae 
a it of a new type to change the average life expectancy of the group. del 4 


ae -. The objection is often made that changes in the arts cause unpredictable “¢ 
_ changes in service life; but a properly organized actuarial meee contains the | | 
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Percentage of Plant at Beginning 


- more than 300 life tables representing more than $400,000,000 worth of utility 


BENSON ON DEPRECIATION 


“effect: of past improvements i in a the arts. There i is little evidence to show that 


outside » valve | gear, the feed- heater, higher and higher boiler 
é superheaters, return to simple cylinders with short cutoff, uniflow boilers, 
_ mechanical Sstokers, ete. WwW Who can say that improvements i in locomotives have 
3 s oy is sometimes said that the effect of obsolescence makes life estimates of 


be 


little value. r It is probably true that the preponderance of retirements of 


“utility property is due ‘to obsolescence and inadequacy, but there is tittle 
a evidence that these factors are unrelated to age. _ This point i is illustrated by 
re 1. . If the retirement rate is constant (that is, no greater tendency to 


of Year Surviving to End of Year © 


(AVERAGE SERVICE LIFE 


" 


Surviving 


retirement i one age than at another), the resulting life table will ies the ited te 
shape of a compound discount curve, as shown in Fig. 1(b). On the other hand, 
hown i in a Fig. 1@. 3 
‘Engineers of the New York Public hows constructed 


: property. Since all all the life tables they ha have been able to construct are of th Bee 


od age and, consequently, is no less predictable than many other veriable 
nother e strong reason for having conf fidence in life estimates lies in the clos 
similarity of results for different companies. “Fig. 2 illustrates this s similarity 


See a few groups of property. The most interesting point shown by these 


BS graphs i is in the similarity « of the shapes of the life expectancy curv 
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is variation in the life estimation of similar 


ae the type of mathematical neo te but statistical estimates should of 
: used only as a guide to engineering judgment in connection with a a detailed 
It is important that actuarial analysis be confined to fairly recent experience, 
although the width of the experience band will have to vary somewhat with the — , 
expectancy of the type of of property being investigated. There. seems tobe 
Ia : little question that present or very recent conditions should be 1 reflected in le % 
& estimate for the immediate future. It must be remembered that the rate at ee ‘f 
which old property is is being retired now is some indication of the rate at end ¢ ae 
The cost of statistical analysis of property is not prohibitive. 
ie ee Once set up, mortality studies can be kept up to date at very little expense and, _ 


‘el with ret recently developed methods, the cost of the original setup, even for sn small 


3 


‘= 


It cannot be denied that r regulated industry is in a special position regarding q 
ao es provision for depreciation, since the law requires an attempt to fix rates that — ee 

lead to a fair return. Therefore, many of the usual concepts of value in a 


yi competitive group must be modified because the ordinary forces of supply and 
demand cannot act freely. Consequently, a device must be ad opted for 


< 


ra e9 regulated industry that will tend to protect both owners and consumers from _ 

the effects of errors in forecasts. Items once charged in operating expenses 
must not be charged again if the estimate of life proves too short(if the annual 
Se 2 i 7 rate is too large). On the « other hand, owners must be ri recompensed i insome 
a al sway if the estimate of life proves too long (if the annual rate is too small). a 
4 Return must not be allowed on amounts contributed by customers toward 
“ultimate retirements. "These : aims can best be achieved if the rate base is con- 
= sidered as the total plant less depreciation reserve. 
‘bod The required flexibility can best be provided | through t! use of the ‘straight- 
‘calculation of annual charges for depreciation must be upon the same set 


factors as the calculation of the accrued depreciation. Straight-line depreci- 
ation on a group basis does not mean equal annual charges in dollars but means 


: = constant annual percentage of surviving dollars. _ The result of the use of the ime? EB 
group basis is that a deficient reserve on property which lasts lessthan average 
2 i _ life expectancy is made up by an excess reserve on property which ich lasts ts longer = 


ee By the use of the fixed capital less depreciation reserve as a rate base, errors — 

: in life estimates tend to be offset by inverse errors in return. . That i is, if the © i 

ey - life estimate is too great, the annual charge i is too small, the reserve is too small, Sie ae ns 

gi _ the rate base is too large, and the owners get a greater return. On the other eee +3 

hand, if the life estimate is too small, the annual charge i e is too great, the reserve Pet 


is ine the rate base is too sn ‘and the owners return, 
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4 NORTON oN DEPRECIATION 
Pavt T. Norton, Jn.,” Esq.—There is so in these 
papers that it is difficult to find a place to start. Professor Grant has discussed 
prevalent fallacies in depreciation thinking,” but formulas containing these 
- fallacies are still appearing in new textbooks and handbooks, as well as in ae 
articles in engineering and trade periodicals. The w writer agrees with Professor he 
Rs Grant that this confused reasoning is probably less common in industry al 
_ in the published formulas, but this fortunate condition “may not continue in- = 
- definitely. ‘The next generation of industrial managers will include a much = 
ida arger percentage of graduates of schools of engineering and business adminis- — 


Mr. Walls poses the question : “* * © is there not a very fundamental 
difference between | the: problem of measuring depreciation and estimating of 
ne future life at a given time?” eanlaaeal sentences that follow this quotation — 
_ would seem to indicate a belief that the depreciation existing at a given time © 
can be measured with comparative accuracy and reliability, but that estimates | ; 
of future life are much less reliable. One also gets the impression that Mr. 
Walls believes that measuring depreciation existing at a given time and esti- <a 
ie ae mating future life are two separate and distinct problems. Depreciation — 
a cm means so many different things to different persons that such statements are | 
= ss difficult to discuss with assurance, but the writer believes that for most. prac- 


wre 


Rea? at tical purposes these two things are merely parts of the single problem of deter- 
“ie mining present value, and also that the problem ordinarily cannot be solved — 
Messrs. Crum and Winfrey have given many reasons: why | there should be 
a a better handling of government finance it in relation to public | works, but engi- 

s fe neers should not forget that there are real dangers i in the use of the capital- 
a. ae budget method for handling expenditures for nonliquidating public works. RES 
Many persons, including (unfortunately) a number of engineers and account- 


a ~ ants whose duties include a consideration « of the depreciation problem, seem to 


on then amortized through dépreciation charges, the cost is somehow transferred — 
ae ae. into the future. What an opportunity to befuddle the public! If it were onl a 
_ understood by e ‘every one that an investment in depreciating assets is a fully 
prepaid operating expense, this fallacy would be immediately apparent to a 3 
_ every one who wanted to have a true picture of what really happens when g 
so-called “capital investments” are made. That this is not merely | an idle 


apprehension of the writer was proved in 19349 when it was in Con- 


ment would probably be replaced during the period when the reduced rates 
4 = — to be in effect. The idea that depreciation is actually paid for either 
s _ when depreciation branierbs are made on the books, or when the asset i is replaced, 4 
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% “Principles of Engineering Economy,” by Eugene L. Grant, Ronald Press, New York, N. Y., 1938. 
Act of 1934,” by Maurice E. Peloubet, Journal of Accountancy, a 
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whine is. thom. 
making economy ail hinds ot publi works, liquidstn or 
nonliquidating, engineers and economists should try, of course, to determine 
‘ which projects will yield the greatest returns—sometimes merely a nonfinancial _ 
is social return. In comparing alternatives it is probably best to use a method — 
4 that converts the initial cost into an n equivalent uniform annual cost of capital — 
oa recovery with a return; but this can be done just as easily, and perhaps more = he 
safely, under present cash accounting methods. a It should be remembered that 
the so-called “depreciation” that is used when making economy studies is 
entirely different from the depreciation charges made later on the books when 
ha investments are capitalized. In the case of public projects like power plants, 
where it is expected that all costs will be returned through charges for the 
oe service, it would seem that the same accounting methods should be used as are 
used in similar privately owned utilities, but one should not forget that the 
$F fat, true financial results depend on conditions as as they really are, and d not neces- 
sarily on what the books make them seem to be. 
_ Professor Grant refers all too briefly to the effects of the current depreciation | a 
tax policy on private decisions ‘Tegarding plant expansion and retirement. 
Tn nearly all cases these | effects seem to be bad when judged from the viewpoint — 


pare tax: policy, although of soundness, was of 1 no great 
consequence. «Until recently it could be stated without fear of contradiction 
that the economic aspects of depreciation ° were much more important than the ses 
‘ : ‘tax aspects. It is not so certain that this is true today. Under present = 
i _ laws and regulations, , it is not at all easy to secure approval of adequate de- 
Pe -preciation charges on corporation income tax returns. — This is a serious matter 
because | every dollar by which depreciation charges are inadequate means an 
prec rom dollar of unreal but taxable profits, which are taxed in the highest 
to the particular That involves a ‘Tate as as high 


government. One would think that every top industrial executive in the e : 
. _ United ‘States would be trying to avoid this extreme penalty by making certain 
that his depreciation claims were adequate ‘and were backed by such conclusive 
= that the U. 8. Bureau of Internal coe would be certain to ) approve 


_ visions of the Second Revenue Act of 1940 were Aacarm\ considered in Congrees, 


r something for nothing. 
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or SOCcIeLY & ana particularly irom the Viewpoint OF Nationa: Verense. 
r a (It, may be noted in passing that local:property taxes tend to have similar bad ee ak 
ma 
4 — 
id 
will again be increased in 1942. In other words, many a corporation 
oc be merely getting its investment back, but, because of inadequate deprecia- 
— 
38. It would surprise many persons to learn that, even Thuer ese speciar pro- 


ry 


ome 0 the that is recovered. investment and not really 


profit at all. e In no case can a company do more than recover its investment, ig 

a _ free of tax on such recovered capital; all real profits are fully taxable even under _ 

‘Under present tax regulations a concern can searcely hope both to get — x 


| adequate depreciation allowances and to keep equipment in reserve for pos- 


Pa 


re sible emergencies. Stand-by equipment is likely to be so costly in federal : : 
te that the average concern will hesitate to keep it for what may br be possible 
but not very probable uses in the future. This particular tax penalty has 
probably not had much effect on equipment retirements to the present time _ : 
_ (1942) because industrial executives are only beginning to realize that such a = 
penalty exists; but the problem will be extremely serious i in the future if the 


M. Am. Soc. C. E.—One statement in the 
«that i is beyond dispute is the one appearing ir in the “Synopsis” of the paper by 
Professor -Grant—namely, that ‘ “Writers on depreciation s seem to agree on 
nothing except that other writers on the on are somewhat confused.” 
He might well have left out the “somewhat.” 

" - writer agrees with the point raised by Professor Grant, rey the effect 


= a clear definition should be had. This i is easier to say than to do, and has 
not been done yet. He agrees also that depreciation estimates will enter in 
Sa _ different ways int into any proper 8 solution of a f a concrete c case, dependent | upon the 
method of approach and the pur purpose ‘and use to be made of the value after it is 
eile It is being realized more and more that this word “depreciation,” pn ll 
has little or no fixed meaning that is recognized i in common parlance, 
a ‘aa and the companion word “value”’ is in the same category; or, to state it anothe 
& way, both words have many meanings ‘dependent upon the concept, purpose, q 
a ee or intent of the user, a and require a modifier to give e them any clear standing i in 
,% the mind of the reader. This last statement is borne out by the experience of a 3 
aaa the Interstate Commerce Commission, which found it necessary to make an 
ak interpretation of these two words when construing the language of the e rail- 
2 - road valuation law, in which the bare words were used. ft - order to ‘comply A 


purposes” ’ (which phrase involved the of depreciation as a major factor) 
and “depreciation” (which was defined or described to the e made it 
position taken by the at me (ot 
organization the writer was & ‘member and so must share in the onus of any a 
- faulty presentation of principles or recommended practices) was confined also 
a reiteration of a didactic and 60 perhaps was not very ‘helpful. 


i in dollars expended at the ye of purchase or construction, without in 
to the changing power in exchange of that dollar during the life in service of 
et the unit of property which i which it Tepresents, ¢ and the the writer takes no issue with the 
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of _ handling by accountants. When it comes to a queities dot 
ding . value at a specific date, however, it should be recognized that cost 


; , wa value are not synonymous terms, but may be very | different. Whén it AES 
i os comes to computing depreciation in obtaining present worth, that. worth il 
power in exchange of the dollar i is just as vital factor as the dollar itself. 
- Both its power to purchase a replacement for the unit that has not yet reached 
_ the end of its useful life and the time that will elapse between the date selected 
for t the appraisal and the day in the future when that unit will have reached 
Bs the s end of its useful life, and will, or should be, replaced, ‘makes the date when 
¥ the new dollar will have to be supplied a vital part of the problem. Because a 
- dollar has earning power just as truly as does a machine or other piece of 
property ‘that it represents, so the time at which the money must be provide ; 
pax as contrasted with the present date is a highly important factor, ‘especially — ae 
4 in connection with long-lived units, as present value is the yoo; of the os 


ommission handled it by the simple process of ignoring it in formulating its 
Tales of procedure to direct its Bureau of Valuation. 


_ All the foregoing means that there | is a fundamental difference in the 


ing, for purchase and sale, for condemnation of property, and perhaps for 
other purposes, as noted by other contributors to this Symposium. Saucy at 
Obsolescence and inadequacy frequently are ‘more important factors in 
Le fixing the d day when a piece of property is, or should be, taken out of f service © 4 ‘Se 
wear decay, although there are such as railroad ties 
; and the like. Obsolescence “happens”’; it does not “accrue” in a straight line te 


or any other li Tine, and same is true of “inadequacy” to a lesser extent. 


he may use, study of past age-life 
a mt tables, trained observation, and good judgment, or whatever tool or process 
oa  heus uses to guide him, must do the best he can and make the best estimate he can. 
¢ If he uses well-considered life tables as a tool to aid his judgment, he can ax ; 
pe oo proceed i in an orderly manner, handling the problem step by step, and he can oe 


Bee review his work, , check his « conclusions, and have so some tangible basis for his 


4 pressions "gathered while viewing the great mass of of unlike units that g go to 
“fi make t up & railr oad or a a large industrial enterprise, no no matter how experienced es 
he may be, or how carefully he may study, ¢ or how sincere he may be, he is 

attempting that which is beyond the power of the finite mind. . Any conclu- 
sions so reached will be little better than a “hunch,” depending upon the ex- 
‘perience intelli ence of the so it seems to the who 
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When a new appraisal a is any circumstances that 

a ee "tie developed to change the propriety of the previous forecast of life expec- _ 
taney” ean, and should, then be studied and the forecast corrected. If the 
original appraisal is made by the step-by-step method, that can be done, but q 

pe oe if it was made wholesale, by the general impression method, the writer doubts 4 

ts. if a proper weight can be envisioned and applied to its effe ect | upon the ‘property — 4 


i a a whole in a way that would be consistent or convincing. _ Therefore, the a 

writer agrees | that age-life expectan tables constitute a proper tool to be used 
If the step-by-step and age-life method is used in both appraisals, 


an a 4 _ then the depreciation in th in the units as expressed i in dollars can be transposed into 


its effect upon present worth by a simple application. of proper factors. The 


¥ 


7 


4 
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oe Society’s Special Committee on Railway Valuation has shown how to do it in 
table can be readily. at the rate of interest that money will 
- at ‘the time of the inquiry. Such a table will greatly facilitate the computa- i 


if the computer will remember that t the : answer can | be only an an approxima- 
e tion at best. The answer is not mathematically precise from its v very essence, 
because of the uncertainty inherent in the factors used in the solution by any i 3 
process, and the fallibility of human judgment. 
Say The important thing is to show the facts—all of them, and not just a part 
os of them—and to handle them rationally in accordance with established prin- 
A “¢ a ciples that take into o consideration all | their essential implications and i 
‘This must be done in a way that is susceptible of demonstration and analysis . 
‘e ba _ and can be checked for substantial accuracy. . It should make no difference a j 
; 2 aie to the appraiser whether the property is s publicly owned, privately owned, : 
> Ee iy privately | owned but under public control, or whatever its status, in in computing 
ae the depreciation in physical property or the equivalent dollars that represent it. — 
oe The writer realizes that he has not solved the much discussed and contro- - 
——_-versial problem, and perhaps has not helped it, and that he has qualified many 
f? -¥ of his assertions because he is today much less prone to say “T know” than he © 
was forty years ago, when he knew even less than he doesnow. 


= 


A. M. Am. Soc. C. E.—The writer wishes to rein- ¥ 
Bes: force Mr. Scharff’s prefatory statement to the effect that it is important, i: 
a os early in the proposed program of study of the depreciation problem, toestablish 
ee basic and simple definitions. The paper by Messrs. Crum and Winfrey is 
are valuable in this particular, i in addition to its emphasis on the desirability of ‘the 


gees Why should there be given to the word ‘ ‘depreciation,” when used wen - 


qualification, any meaning other than “decrease in value’’? This” has q 
valled the “popular” or “dictionary” definition. Admittedly, under this. defi- 
fr nition, the terms “depreciation” and “value” are indeterminate unless qualified. ce: 


‘Transactions, Am. Soo. C. E., Vol. LXXXI (December), 1917, p. 1464 et seg., and Appendix I. er a 3 
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ON DEPRECIATION 


Depreciation, ora rate of depreciation, : may be estimated by an engineer or 
appraiser, or it may be established by the courts or other authority for a A par- 

a ticular purpose. An accountant may make an allowance for depreciation on on 

a his books or in his financial statements; however, none of these actions deter- — 

mine depreciation but, , instead, make : yan approximation to serve a particular — 

phrases, ‘ ‘estimated depreciation,” “established 


tion, correct depreciation,’ “depreciation not be used if 


be 


ciseness is often ridiculed, but the writer submits that “depreciation” (as well 


iad Engineers hesitate to their statements as pre- 


ae “‘value”’) is indeterminate and, in using a definite figure to represent it, the a 
_ engineer should make clear the relationship between the definite figure oa 


the indeterminate quantity. iti is agreed that the unqualified w word “ 


‘cal Most of the papers in the Symposium deal with the estimating or establish- 
Be. of depreciation or depreciation rates and as such are valuable. However, 
the definition « of depreciation and go on from there to set 1 up a correct and clear 
‘Tuomas R. Aca," M. AM. Boe. C. E— The several "papers presented in 


select the particular, depreciation that is applicable to the purposes of 
particular analysis. i is a fundamental misconception that has retarded 


“depreciation” (de = = down + pretium = price) has a definitely 
tative meaning in the strict dictionary sense but over the ; years has gradually 


a ma : “come to be used rather in a quantitative sense. One of the first steps toward 


indicate : equi the s due to 
and use, ‘including functional depreciation in so far as it can be estimated. 


Actual or is the true loss of volue for the 
« ; y considered, determined by estimating the fair value at the beginning and end 


re of Eng., Towa State College, Ames, Iowa. 


Es - clarification of the subject would seem to be to oa adopt suitable modifying terms» 
pat 3 to use in conjunction with the word when it is used in a quantitative sense to 
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. that represents the true loss in value of the aroperty from all tae to 
— causes and, were it possible to overcome the irrational use of the term “de- 
i _ preciation,’ ’ it might be wise t to adopt t this conception as the definition of the — = ; 
ie Theoretical depreciation (annual or total) is an estimate of the loss of value, 4 
during the period considered, which is made according to some formula that q : 
- does not require the determination of fair value at the beginning : and end of the oa 
‘Period. . Theoretical depreciation may be less or greater than actual deprecia- — 
- tion . It might, by merest accident, be equal to actual depreciation i in certain 
‘cases. The use of theoretical depreciation only, i in the management of pr pro 
erties, may lead eventually to financial difficulties. 
| Ba point has been made of the difficulty, in a year of low business activity, of = 
providing depreciation. appropriations from earnings that will be equal to 
true depreciation of the property during that year. Good management would — na 
seem to require that the true actual depreciation be known and recognised — 


ven then. Ih fact it must be known if the proper \ deductions 


asia 


in which ¢ enue t an annual depreciation ‘appropriation equal tc to the annual seven 
; depreciation should be made before calculating and distributing the net return. 
ce oe The several papers make frequent reference to the difficulty of forecasting 
core hei future service life of a unit of industrial | property because of the impact of 4 
obsolescence, inadequacy, and similar elements of functional depreciation. ee a 
This is a bogey that has long confronted the appraiser, but in reality such fac- e 5 
tors, when actually unforeseeable by qualified experts, have nothing whatever a 4 
} ‘The value of an asset as of today 1 is the present worth of its future operation a 
returns. Since they lie in the future, these returns can only be | forecast ac- 4 


oe] cording to the best judgment of qualified persons; but once such a forecast 4 
hat made end ui seoepted by the management of an enterprise, it becomes the present — 


The same confusion exists in with estimates of the 
future ‘service life of units of industrial property. The “opens futare s servic 


The present physical condition of the unit; 
=? = On The nature of the future service. 80 far as that can be foreseen; and 4 ¥ 
© The mortality characteristics aa ‘similar property if they have been 


ve _ Functional depreciation that onannt be foreseen at the time has nothing to 


do with the estimates of future service life; but established mortality data bs > 
should, and usually do, include the effect of every factor that causes retire- 4 . 
as accidents, changes in the art, inadequacy, superee 


d when the correct annual or total dep “Sty 
must be used w a 
— 
Sor 
— 
— 
4 iation can be made according 
— 
— 
— 
— 
— 
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cannot be known until it i is too late 


tremely unlikely that they will arrive at epproxinately identical figures. Ty 

’ - having three civil engineers make independent estimates of the v value of a used : 
transit, for example. 3 There is nothing disconcerting i in this situation, and the 

;- a courts have long recognized it to be inevitable. All values rest on the fore- 
ay casts of the future, and these must always be subject to the uncertainties that 

characterize the human mind when it seeks penetrate ‘the future. In en: 
ai ei gineering economics, however, there is no alternative to the use of the bes 
5 estimates that can be made | by those Tesponsible, and such estimates of of fair 
value and actual depreciation must be accepted for all administrative pu purposes 

4 rk until the shadows of coming events provide a basis for a re-estimate of the E 

There are various philosophies about the that are 
’ er applicable to public expenditures for such things as highways, canals, harbors, 
_ power plants, dams, and the like. One is that such expenditures may be con- 
sidered a "governmental function just like those required for courts, fir 
protection, sanitation , police protection, and similar familiar governmental 

3 - Be activities. If that is accepted, including the principle that no particular con- 
thn, sideration need be given | to the cost of the service so long as there i is no ae 


appropriation of funds, then engineering economics has n no place in “aa 


- establishment of policies; but on that basis the costs will inevitably be ve ae, 


much higher than really required. 1 —«dAfiti is desired to furnish service at the lowest | 
a cost, all alternative methods of ‘producing the service must be studied on the 
te: basis of the true cost, and this will inevitably require consideration of the 
4 actual depreciation to be expected. things as as annual appro- 


If the public utility theory of such improvements is the | several 
g a facilities will be operated by the government on a nonprofit basis, but revenues — 
in the form of taxes will be exacted in an amount equal to the annual cost of 
the service. ‘Here. again the principles of engineering economics, and especially 
a those relating to depreciation, must be considered if the services are to be — 


“ee nits: In the long run the public will be served best if governmental agencies keep, pe 


and utilize intelligently, records that will enable them to determine correctly st 
the annual cost of the service of the utility they for the and to 

make periodic reports summarizing these date. hs ney 


B. M. Au. Soc. 


Crum and Winfrey is and valuable. All too frequently have 


4 like factors—that is, present value is an estimate and probable future service ¢ 
ne is an estimate. The actual service life 
the information to be of any use in dealing wi e actual depreciation 0 
severel woll-qoslified mske estimates of the 
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Asst. . Engr., State Highway Dept., Salem, Ore. 


of understanding on the part of many engitiewing administrators in regard 
Messrs. Crum and Winfrey | state (see heading “Value and Depreciation: q ; 


<i me The depreciation of any physical property unit, at any service age, is 
Sane its loss of value, since its service started, due to decrease i in the present 4 
oy bStigpeate of its probable future earned operation returns, below what such _ 
present worth would be: if the unit were ‘still new. TOT 


£ 


This is a clear-cut definition and should serve to eliminate any ‘misapprehension 2 ie 

as to the nature of depreciation itself. 1 It might be enlightening, however, to ef 

; pursue this definition a little further in order to discover where it leads when — a 

Consider a a given highway property unit whose rp cost is C, and whose 


= assumed service life is n years. Assume that the annual income from this unit 
= be uniform throughout i its and let such annual income be 


‘The “present worth of the probable future earned operation returns” of this 


obtained by multiplying its original cost Cc by the: ratio, 


ot haere a+ r)* — (1 + a... add by 
1+r)*?*—-1 
which sthe value at the e end of the mth; year, If m 


is expression fo for the first year’ ’s depreciation is 


=) 


— 
— le fu t has ese pr 
rth of the p of the worth a 

— the sam 
a 


‘to during year (say the mth year) can be 


~ Clearly, therefore, the ‘utilization of the definition of depreciation offered 3 


ever, tl the sum of ‘this | depreciation | and the interest on the depreciated balance : 
not vary but remains constant throughout the entire service period. 


=C ( 
ss This is a very important fact in that it indicates a method whereby the total re 
pie cost (Ca) of any project may be calculated by a single simple formula — 
a, 7) once the service life is determined and the interest rate established. Pi 
As shown by Messrs. . Crum: and Winfrey, the determination of the probable 


from which this value can be estimated with some degree of certainty. 
Pat ‘The term r is usually defined as the “fair rate of net return.” Messrs. * Ms 
os fi in Marston and Agg define’ this as “that rate which is just large enough to secure G 
is really needed for investment in enterprises of the particular 
pani character.” ie In view of this definition the: rate r is easily established as identical _ 
i oe with the net interest rate fixed by the highway bond market as of the time of = 
construction. With the foregoing data, therefore, it is only necessary to multi-- ae 
ws the fir cost ¢ of shite unit term 


2 
ra 


The derivation is based upon th the hypothe that the a of 
ae return will be uniform throughout the service life of the property. unit in ie 
-- question. Such an assumption is contrary to fact in the case of many highway eta 
‘property units because of the possibility of chan ges in traffic density, oF ofa 
*. modification of rate structure by legislative fiat, and for other reasons. — ie 
ee valuation of industrial property units it is is often possible to take i into account M's a os 
any modification i in future operating return ‘ratios; but for highway y property 
units there appears to be insufficient data at present to support such a refine- 
q The foregoing discussion is upon the of 
depreciation. In the ¢ case of highway property units, it is often possible to 
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ent tenable one) develops a parabolic curve exactly coincident with the well- 
own curve for constant increment amortization over the same period. It 
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nit | 
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ction. if it is possible to | estimate the x of 
. > $s a the depreciation curve may be adjusted to take such fact into considera- _ 4 
tion, as indicated in Fig. inspection of this figure will indicate that, 


“he 


2 
BR? 


=. 


 Depreciable Component, __ 


Total Value Vz 


Salvageable 
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-n depreciation curve is s prolonged Shared the point b to intersect the base 
line at point c, a new life value e is determined., From the relationships pre- 


viously demonstrated for depreciation eurves, in ‘general, one din 
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The computation a satel costs can “then be handled by substituting ‘the 


purpose ¢ of the foregoing | discussion is simply. to the Crum- 
oa definition of depreciation into mathematical terms and to indicate that, 


. total (which may be termed the capital cost), it can be computed by ‘a single 

; simple formula and will remain as a uniform charge throughout the years. _ 
aa _ As stated, the only unknown quantity is the service life expectancy n or its — 
cee equivalent e. In regard to highway property units, these data are being ob- 


© 


the years pass it will be possible to make closer approximations for the initial : 
setup. _ Moreover, since it is possible by means of Eqs. 2 to 10 to calculate 
residual values at the end of any given year, the value of n may be revised at 
_ any time during the service life of the property unit and depreciation schedules © 

_ modified accordingly. . Even though the initial assumptions are are somewhat i in ; 

error, it is possible, by means of frequent inspections ns and 


V. BURNELL, Esq.—The question of what to do 


many people, still remains a question. “Isitr necessary to do. anything? 
j Irrespective of any requirement that has bom or may he imposed by regu- 


ars 


et ment sequires es that pr provision be made in advance for anticipated future losses— 
~ - losses that occur when the productive usefulness of a property is lowered, and ay 


usefulness has finally terminated. The m naking of such a provision isa ‘process 
p by which certain assets are earmarked as a reserve for. this one purpose and no 


ES of capital property i is as s truly a cost of producing sent as the cost of the fuel. wise 
3 If this process of retirement or depreciation accounting is to serve its purpose, 
a the total cost of the boiler hue wi) will eventually appear on the books | of account 
raed shh this early stage in the approach to the subject, a much debated question | 
arises: what particular mathematical program should these retirement or 
‘depreciation charges be made? Aside from the factor of regulatory com- 
i ‘pulsion, the questiqn can never be answered categorically for all cases; each: 
‘situation requires individual in man of its own 


and circumstances. 


| 


oe in connection with the various state-wide planning surveys so that as 


if 
=) 
il. 18 COMDINed With the interest Charge On undepreciated Dalanbces to [orm a 
— 
Lz 
= — 
— 
— 
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im 
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During the useful lifetime of a steam boiler, for example, the boiler itself is — 
a) 
m3 — 
— 
rty a reserve must be built up, say from 0% 
ap =! ; x at A (beginning of life) to 100% at B (end of life), as a cost of service. The ae Fa 


= 
method of laying out from A to B, or of ellooating cost of 


n a particular situation the p 
re ~~ of a winner line; in another, a convex or a concave curve; in n still emithile 

gs A an irregular course, all depending upon the economics of the particular situation a 

pee and the relative ability of the “traffic” to bear the charge at one time as com- un 
a 2% —* with another. However, it always must be remembered that the wa 7 
ed cost must be “set off” sooner or later against the total revenue. Where the  _ 
Bes responsibility | for decision is left with those who have been entrusted with the be 
_- management of a property, it may be suggested, as a general principle, that er s 


this cost of service may better be collected from the customer too early 


Nov one, however, m may properly conclude that business scotia invaria 
— the rapid ‘ ‘writing off” of plant investment during the early years of 
- its use. To do so, in many cases, would stifle expansion of the business by t 
“Josses” not in fact realized and, therefore, would be most imprudent. 
have followed the “rapid-write-off” policy in the electric power industry, 
for example, would have resulted in a much higher “cost of service,” with a, ; 
ave discouraged the 
the viewpoint of basic principles, the foregoing | statement is perhaps” a 
Ei - sufficient for present purposes because management is confronted with a condi- 4 
tion, rather than a theory, with the artificial factor of regulatory requirements, x a § 
oi and with certain extremely important corollary implications. This spat ; 
development, it i is safe to say, is predicated on the underlying contention that — 
a ; management, or those who have been in control of management, in many cases 
: be: have set aside insufficient reserves and, therefore, have failed to fulfil their 
; be Se responsibilities; that the reduction in the net book value of the property has 
ee Epa not been enough to. compensate for the: depreciation actually suffered; and that 
the management has thus abused its privilege. 
Pes PE There can be no doubt that in many instances the accrued reserves are 4 
ey ae _ clearly too small and that dividend policies have often been too liberal, at the 
SS expense of the reserve. This is not to say, by any means, that a failure of the og ¢ 
ae. reserve to equal the amount determined by a particular accounting formula i is ¥ 
_ sufficient justification for a conclusion as to the present adequacy of ther reserve. + ; 
- Management is now confronted, however, not so much by a theory as by -s : 
condition that i t imposes upon the custodians of industry an urgent obligation to 
By a ee contend vigorously and constructively for an equitable solution of the problem, = 
= _ which will definitely preclude the possibility of ‘a confiscation of property. oo : 
Otherwise, the advocates of a most unfavorable formula may succeed in carrying 
gs 3 its application to the rate base and then ‘ “prove” that they are right by being | 3 q 
i a position to enforce artificially a reduction in value which, as a matter of 
economics, has not occurred in fact. bag 
Unless the management has labored long under : a grievous misapprehension, 
the’ books of account of of a public utility, like of any business a 


pr 


4 


the depreciation ‘Teserve, if the ‘management is orreet, it is not within the 


regard | it as a provision f for eventual loss i in| terms of cost, and point out, purely 
e amount which the management has set aside, in anticipa- 
concept of ‘depreciation accounting has been suggested, under which ‘the 
reserve e and the current appropriations to it would be determined on the basis 


of periodical enginpering of losses actually realized, as to the 


Underlying this concept of accounting for losses realized is the e widens 
esire to harmonize the reserve with the amount of depreciation claimed in a 

_ rate case. Although this objective of “consistency,” in the equity of the trans- : 

action: the ‘investor and the customer, is entitled to 


; recognized factor in the rates charged to him, i is in excess of the deduction, if ; 
any, which i is made i in arriving at the rate tebase, let his current burden be reduced 4 : 


The next move is clearly up the publie utility industry. It must 
‘itself to be. sure; but that is not all. («dt is ‘not enough to oppose a program > 
that i is patently unfair. Its job i is to propose a better one. Surely it is not 


pedi, nape the life. expectancy of utility Property, for the most ardent 
of a periodical of the Ts it not a waste of 
; valuable: time, , also, to. argue for a return to the previously approved policy of F! 
‘retirement. where a transition is now required. to ‘depreciation 
- accounting? Would it not be a definite and constructive contribution to the 3 
of a serious problem if industry would adapt itself, as best. it 


eA ‘authorized principles of accounting be euddeaty’ built up out of surplus to meet 
Ber so-called deficiency should be “fought to the last ditch” and without eon 


seals From here on, however, why not meet the issue realistically? — Develop 
an age-life program that will include a provision for the normal current require- % 
ments, plus a an increment t to ) recoup, gradually, the theoretical “deficiency” or, 

«if the: case requires, a minus increment to reduce an over-accrual, so as to bring oa 
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available a a wide range of latitude within 
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however, with large expenditures being made and projected for the further — 


and also within the means, of almost any individual iaatiiendiied in accordance — 
_ with the technical requirements of regulation | and, which i is more important, — 
will accomplish the necessary transition in a manner that will be pacer i 


equitable to all the parties who have a legitimate interest i in the problem. mis 


L. Morrison,** M. Am. C.E —During the period when road 
_ construction activities were confined primarily to making main highways pass- 
_ able under all weather conditions, the economic advantages of such -econstruc- 


tion were too obvious to require much study. Under present conditions, 


 ——— of roads that are already s surfaced, economic factors must re- : 


ceive careful consideration if the funds are to be spent 


cntine value would seem to be a condition under which future service would 
~ actually detrimental, as, for example, the present worth of the future — 4 
4 “service” of termites working on a building. It is possible, of course, that an 
acceptable definition of “negative value’ would make it synonymous with 


After the statement that “Depreciation is negative value * * *”’ appearsthe — 
following (see heading ‘‘Value and Depreciation: Definition of Depreciation’’): = 
he ‘pe “The depreciation of any physical property unit, at any service age, = 
is its loss of value, since its service started, due to decrease i in the present 
he “eS worth of its probable future earned operation returns, . below what such — 
present worth would be if the unit were still new. 
This covers total depreciation over any period from the of service 
4 but omits a definition of depreciation in general. For instance, the deprecia- a 
te tion of a property during its second five years of use e could not be defined as a 
“ts loss of value since its service started” or as its loss of present worth, a ee 


“loss of value.” The point is of little importance anyway. 


sae ‘ the end of the ten years, ¢ compared to what it “would be if the unit were st still 


a ont new. i A possible way to make the definition more general would be to sub- a 


‘3 
stitute the clause “during any period of time’’ for “since its service started” — : 
_ and to substitute “below what its value was at the beginning of the period” +a 


- “below what rel present worth would be if the unit were still new. 2 


** Prof. of Highway gare and Univ. of of Michigan, Ann 
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be exactly a “de ned operation retu rpretation is still 
ot seem to he bl future earned d its interpre a 
The expression “ lied to a highway, and its 
ili 


“4 In the case of highways, there is a tendency to divide the total vehicle ‘ 
— taxes paid ina year by the total vehicle-miles traveled to determine the a y 
- tax per vehicle-mile, and then to compute the “earned operation returns” 
any given road by multiplying the annual vehicle-miles traveled on the ined 
—— average vehicle-mile tax. The writer objects to this because the motor- 


or other government units of highway 


_— it would seem that their “earnings” are their returns to the motorists, a; 


_ or others, who pay for building them. The paper does not include an interpre-_ 
tation of earned operation returns. bug ntal boda 
The authors ask the question (see ‘‘Summary’’), “Why * * * could not 
yin every state legislature, school board, and city council provide a about a constant 
ae sum annually for building replacements and extensions?” One answer is that 
_ the needs are seldom constant. Population in any given locality may increase © 
= rapidly dur during one period a and then increase ‘slowly, or even ‘decrease, during — 
another period. Also, it is : obviously much easier to raise funds for such pur- 


highway engineers sound lines. Their paper calls attention to pointsin 
a re regard to depreciation that will be of increasing importance if large sums meni 
* _ borrowed after the war and spent on highways primarily to furnish employ- _ 
Se ment. It is under such circumstances that sound economics is most likely to 
Waurace B. Carr,” M. Am. Soc. C. E.—It is the “ 


_ word” by Mr. Scharff and the papers by Mr. Walls and Professor Grant stnene 


: 
- 7s by the property. This is indicated by its root derivation as well 


“Decrease i in Value,’ 


in the latter case the earn pe recur 
— 
4 
a imi 
4 
4 the form of reduced vehicle opera’ iii 
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” anc ird one rephrased) Difftfemeem 
Assets Capable of the Same 
apable o dWinfrey 
d’”’ ts in th by Messrs. Crum and Winirey 
be determined service. The future anticipated = 
such service is an impo - — 


This twofold significance of the term is iecemmaitd for much of the existing 

confusion. The factual measurement of depreciation, when expressed in 

Bese: _ terms of worth or capital, becomes a measure of the actual integrity of such = 5 

oe capital. _ Accounting for depreciation, however, is generally treated as an : 


. 


em process, the rate of amortization being related to one of several 4 
_ methods of mathematical calculation and, in most cases, not to the facts of the “a 
case. Unfortunately, however, whatever process of mathematical calculation 


may | be. used, it is sometimes assumed that the results express depreciation — 
- correctly. Even though the period of amortization may be exactly equal to 4 


“2 useful life of the property, it does me follow that the factual depreciation _ 


ce age has been equal, at all times, to that calculated by some mathematical law. _ | 
In discussing the problem of Studies for Proposed Retirements” 
a in a competitive (unregulated) industry, Professor Grant states that “The 
— only ‘depreciation’ involved is the difference between the net amount realizable — ; 
“tr from the immediate sale of the asset and the net amount realizable from its * 
future sale.” - This statement may be open to question from a certain view- | 


point. For instance, assuming a capitalistic economy, the objective or 


ee could be regarded as the protection of the integrity of the invested capital. 
OA Another r principal objective ii in this type of economy can be regarded similarly : 
re 2 as the earning of a proper wage of capital while it is usefully employed. Tt The 
et accumulated accomplishment of the first objective would be reflected in the 
gee depreciation reserve, whereas that of the second objective would be aril 
in the earned surplus account plus the accumulated payments of interest and 
dividends to the investors. Any deficiency of the reserve (which arent s i 
to Professor Grant’s argument, should be charged to surplus) could not alter ] 
ae the fact that the reason for the charge would be depreciation. The procedure — 
avy to record the facts properly would be to transfer the required amount from 
a ork surplus to depreciation reserve and then to charge the retirement loss to the 
a & ed reserve. From this viewpoint, the answer would be simply that the reserve 
and surplus accounts had been stated improperly, rather than that the retire- o” 
ment loss should not be regarded as depreciation. “mow 
re fa: be _ Carrying this viewpoint to a regulated industry, or to an industry subject 4 a 
a va for some period of time to excess profits taxes, the surplus might represent — -> 


-. _ nothing more than the residue (after payments to investors), of a minimum, q 


sor even less than a fair, return. If in such a case the deficiency of the reserve _ 


Ig i a retirement loss would not be chargeable as a depreciation expense in the — 
e against the new asset), or if. 4 ; 
as a a charge ‘against present o or future net income it would reduce that below a 4 
fair level, then one or the other of the fundamental objectives of a capitalistic z 
economy would have been abandoned. Although it is true that in group- 


on ‘long-lived senha; nevertheless | this situation should not obscure the fact a 
that the objective of proper depreciation — 
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praisal matters 
& . 4 is interesting. . Theoretical economic support of this theory can be advanced, 


% 3 of course . Its simply means | that services at any time should be worth not more ae ~ a 


a ca than the cost of producing such services| by the most economical method. é 

Practically, it may not be possible to achieve this ideal objective in all cases ae 

and, therefore, due regard to such a practical situation should be observed in fe 
the application of the theory in . appraisals: of existing property. If this theor 
were applied consistently to all enterprises in a given industry, and the market — ‘ 


cost, the plants of higher production cost v would meet this competition through 
the medium of depreciated plant values. However, it is questionable whether | 
ee such a rigid rule can be invoked in the fixing of market prices or whether it is 
-4 economically wise that it should be done. The question might be presented — 
Bis as to how to value, by this theory, a new plant of higher production cost than 
fee sot most economical existing plant, the new plant being required to supply the bs 


- Rather, it might be that all the old awl would be appreciated to an “equal 
cost level” with the required n new plant. Here again, as in a all questions 0 ~ 
Pes --value and depreciation, i is a broad field for the application ¢ of sound engineering 
ash and business judgment. The effective leverage exerted by a small variation — 
cag in the assumptions or: estimates upon the fi final answer is well illustrated in 
Professor Grant’ 8 examples ai and should be warning: that ‘should be 


tion. He states that depreciation is of two ki kinds, physical a 
- functional. The forces causing physical depreciation are wear and tear, , decay, 
and: normal action of the elements, all of which are controlled largely by natura 
laws and, therefore, operate | quite co co ntinuously and with reasonable uniformity, 
Unlike these physical forces, those causing functional depreciation— -inade- 
- quacy, obsolescence, changes i in the art, and changes i in demand and require- 
ae ment of public authority—are essentially economic in character. They have 
no such natural uniform ‘control, but rather. they reflect the. activities of man- 
kind, such as his accomplishments i in the field of ‘invention, cycles ; and growth 0 
business, movements and habits of people, etc. The incidence of their ‘effect > 
a erratic, therefore, and cannot be predicted correctly far in advance. It is 
| folly to ) assume that ‘mortality studies of historical data of capital retirements i 
can always, or even generally, be used as a guide to future life with ; any hope 
reasonable accuracy in the prediction. In the first place, mortality data of 
By physical property generally reflect t the composite effect of all causes of retire- a 
whether they are physical, functional, or a combination of both. Futur 
_ Tetirements likewise will be made for Various causes, some physical and others sik 
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WATERS | ON DEPRECIATION 


tale iwi lat. - the largest number of retirements of property in regulated industry. 

_ The lives indicated by statistical analysis of mortality data as available from — 
a the past, therefore, are largely “functional” lives reflecting such economic or a 
r° industrial conditions as were at work during the period of the data. To the a 

extent that such statistically determined lives reflect the effect of these arti- 

i forces of depreciation, the projection of these lives into the future yy 3 
Surrounded with broad assumption of the continuity of largely artificial 


a the causes of togiaatatioan are thus differentiated, it then becomes 2 ap 


; these various causes. This fundamental aspect of the e problem | has been 
brought out only indirectly in the Symposium. For instance, a large unit of 

_ property may have physically depreciable parts of such proportion and prob- 

= able service life as to be equivalent from the viewpoint of turnover of capital 
to the complete depreciation of the entire unit in some period of time. if 
a depreciable parts are replaced continuously, as necessary, 
does physical depreciation proceed in in the other parts of the unit i in accordance 


= a is progressive -ealculated by sc some for- 
‘mula or simply charged against property on a “hunch,” would not represent 
factual depreciation because it would not be measured by a known impaired 

< ability to perform a prescribed or required service. Rather, the calculation “a 


8: . In general, the ‘Symposium is is sufficiently re replete ¥ with warnings that judg- q 
- ment must be a very generous ingredient in any method of estimating or de- ae 


_ termining depreciation. ‘The writer agrees heartily with Mr. Walls’ pene N 


that there is no substitute for sound engineering and business judgment. 
g 


w. L. ‘Waters, M Soc. E—D —Depreciation i is ‘the result of 


Oh 
Ins some cases, such as shoes, wear q 


ey and tear is all- ina hg In others, such as women’s hats, obsolescence is oS 
everything. Frequently, the average rate of w ear ‘and tear can be roughly 4 
approximated; but 1 is usually a pure guess, ‘as it depends on the 
future of the art and the development of the property using» the 
facilities. “Therefore, the average 0 over-all rate of depreciation to be allowed 
4 any jae usually cannot be anything more than an educated guess. 


4 


< 


The e Interstate Commerce | Commission has had fifty years of experience — 
ae - depreciation rates, so that its’ opinions can be considered authoritative. 


4 
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centage of the cost if not or 
_ purchase price of the property determined to be equitable by the carrier’s 
experience and the best: sources of information as to the average current — 


G. Move; M. . Soc. Cc. E. —Professor Grant has contributed a 


and Other Public Utilities published i in 1917." 
Tn its broadest sense (and this is designated by Professor Grant as 
“popular depreciation” concept), depreciation in its relation to value may b 
_ defined as loss of value from any cause. (Increase of value, or appreciation, 
ao be properly included in this definition if recognized : as s negative deprecia- 
tion.) To apply depreciation properly in the art of engineering appraisal, this 
broad definition requires a classification of causes. The various causes of a 
_ depreciation appear to be fairly well agreed upon in the literature on the subject, — ‘ 
and for convenience are listed herewith: 4 itp 


Physical causes, including wear, tear, decay, action of the elements, and 
the « effect. of casualties or accidents that have actually occurred prior to the 
time . of ' appraisal (it will be noted that casualties or accidents that have | not 


occurred cannot be included as a contributing cause of loss of value. 


accounting practice, however, it is customary to determine the rate at which 
= capital costs shall be spread over the period of use from an experience study of 

the average lives of the property. The effect of casualties is included in thi : 

experience. reserves 80 = insurance re 


Eeonomic “causes including the effect of legislative 


tion changes, changes in habits, changes i in the prices or supply of raw materia 


and labor, and changes in the market forthe output;and 


ee ml 4. Monetary causes including the effect of changes in price levels, and other 
“factors affecting costs of reproducing the property being appraised. 


es. ‘Since, b by: defini tion , depreciation is a loss of value, & proper a application of 


~ depreciation: can be n shail only after an understanding of the processes of 
~~ arriving at value. If value can be ascertained directly at the beginning | and 
: Be at the end of the two periods for which depreciation is being considered, the 
‘ Director, Valuation Div., State Board of Equalization, Sacramento, Colt. 
Transactions, Am. Soc. C. E., Vol. LXXXI (December), 1917, p. 1448- 
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‘ tion; but, for appraisal purposes, it is a sum that has no significance, since the 
on result (value) has already been obtained directly for the two. periods. “The 
aa usefulness of depreciation so obtained is to serve as a guide in predicting © 
economic life or in future depreciation. Ordinarily, depreciation i is 


which the appraiser finally arrives at value; ; and ¢ one 


be the nature of value itself. One of the most common errors in using the concept 
a Rae of depreciation is the attempt to use it as a 
; em form of a cost figure to a value figure. “This m misuse of depreciation i is excellently 
nae illustrated by Professor Grant’s example of the $6,000 home bought in 1932 
and sold in 1940 at the same price. One party to the transaction, translating — 
tne _ original cost to present value, found no depreciation, , whereas the other party, — 
translating current reproduction cost to present value, found a $1,500 de- 
oil - preciation. : - (For the purposes of making this point, it is assumed that the sales a 


price in this illustration is identical with the value. The acerued | 


aps 


. 2 soe and sold frequently in a free and competitive market, the prices of a 
transactions may be conclusive evidence of value, and no determination of aa 


= 


depreciation | is necessary to ar arrive at value. types ‘of ‘property w which 


sues engineers are ordinarily called upon to appraise, however, are more commonly — 
; os oak properties for which so few actual transactions | take place that other tests must 
. ey be applied to determine an appraisal which n may be considered a fair substitute — x 
determination of then depends upon the sound application of the 
Kid appraiser’s judgment to all the evidence of value that he is able to 
% sis Among the evidences of value more commonly considered are such factors as: 
cs - Original cost of the property, the cost of reproducing the property new, the — 
; value indicated by a capitalization of earnings, and (for corporate cone 
a value indicated by an appraisal of the stocks and bonds of the corporation. — 


- (Depreciation is here used in a restricted 1 sense; for | example, cost mpbirks are : 
- modified to express a comparison between the existing property and a similar a ; 


the seat worth of the future — earnings for the existing property as aa 
with a new property.) By this means the appraiser can be mot more 
certain that he has in fact included somewhere in his ‘appraisal all elements of % 


depreciation i in their proper perspective. 


CS 
3 
by 
cost and the cost of reproduction. When eprec 


actors, they remain nothing more or less than (Pro- 

ie fessor Grant has well stated that those classifications of accounts which have 
defined depreciation in accounting as “loss in value’”’ have contributed to con- i Fe 
fused thinking on the subject.) They have not become by that process a 
statement of value in themselves. _ The factor of earning value ‘should havean 


wien for depreciation. The | proper earnings to capitalize are those that 


accrue over for which the earnings are estimated. Obivitesly, 
+e the factor based upon the appraisal of the securities, properly arrived ati in the 
“ as first instance, would have reflected i in it all forms of depreciation. KOR. be 
Another cause of confusion i in the use of depreciation for appraisal purposes 
arises out of two different, but somewhat related, concepts for the term. 
0 de- _ These two concepts are depreciation as affecting value, and depreciation as a 
: sales 4 means of spreading the cost occasioned by the ultimate replacement or retin 
erued ment of the property over the period during which the property was-used. 
é ee 1 ot The use of depreciation for value purposes is primarily an engineering and zi 
economic phenomenon, ‘whereas the spreading of depreciation ‘to current ex- 
pense is partly engineering and partly economic, but largely an accounting 


, tie ‘The application of age-life concepts of depreciation for value purposes should 
exclude the lives of those particular units which have already been retired and 
x are not included i in n the property ‘actually being appraised. — On the other hand on 


property al also be included. Since much of both the theory and practice 
- depreciation i is related to time (age-life, for r examp ie), it follows that , the tim “oe 
value of money (interest) must be a necessary element in its measuremen 
; The value concept is based primarily upon an appraisal of the future usefulness 
ik q 
of the property, whereas the ‘depreciation | expense concept is based ‘upon a 
requirement to make good the total consumption of the depreciable assets, ; 
including those already retired. th 
foregoing differences indicate some of the reasons why | properly 


accumulated reserve for depreciation (referred to by Professor Grant as 

“amortized cost”) will not represent, accurately, the amount of depreciation ae 
that should be deducted, even a figure, to reflect a properly de- 
Ppreciated cost figure for consideration as evidence of value. 


problem, and only a technological one; 

much confusion may, and usually does, arise. ai 
im Messrs. Crum and ‘Winfrey define depreciation of a unit (see “Value and 
4G ‘4 Depreciation: Definition of Depreciation’’) as “‘its loss in value, since its service 


due to decrease in the present worth of its future earned 
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4 were re new, there would be no vital distinction 
Bree be made between ‘‘Maintaining the Plant,” and “Maintaining the Investment.” — 
= ie The former is primarily a technological problem—that of keeping the plant at 


its optimum condition of newness; but providing for depreciation must do far 

more than that. The value of the investment must be maintained,‘and not 
Pid merely its physical manifestations. ‘Until financial reports take full account 


a pe a of all items of annual costs,” write Messrs. Crum and Winfrey in the “Sum- 
i aes mary,” “and account for investment in physical properties, they must be re- 
garded as only partial truths.” This is quite true, but “investment in physical | 

2 properties” is not synonymous with “physical properties,” and these concepts — : 
_ may not be used interchangeably. A further difficulty arises when the service — 


noes oe life of a piece of equipment exceeds the duration of the accounting period. 
-Hence, the appraiser must make some > allocation | to this “annual cost”’ on 4 
account of depreciation—the annual provision for depreciation. The basis for 3 
a id such allocation is the crux of the problem. Here Mr. Wall’s suggestion in the s 


tat “The poolilen, that lies before engineers seems to be rather definite and ; 
sis certainly pressing: First, a sound basic concept or common understanding 
sa fehucd _ of the true meaning and scope of depreciation must be developed; second, 
2s bad an orderly and basically sound procedure for measuring depreciation must 


We 
(The writer how wever see sees no reason a why | the problem, belongs to the 


eal Although the following discussion is centered about depreciation in the 


public utility industries, the principles | apply to depreciation ‘in industry i 
= general, both privately and publicly owned. The generally accepted scope of 
: i a depreciation (as well as a listing of the major causes thereof) has been stated as_~ 


Cs “Depreciation, as applied to electric } plant, means the net loss in service . 

.* wale not restored by current maintenance, incurred in connection with the 2 

consumption or prospective retirement of electric plant in the course of 

fae: a4, i 3 service from causes which are known to be in current operation and against — 
2 _ which the utility is not protected by insurance. Among the causes to be 

given consideration are wear and tear, decay, action-of the elements 
inadequacy, obsolescence, changes in the art, changes in demand and 


‘This is substantially the same as the definition used by the Federal Power 


fame and, although it was formally applied to electric utilities, it is a 
. entirely appropriate in the same sense to all types of plant. a In the light of the 
oy foregoing definition, Messrs. Crum and Winfrey elaborate on only a minor part : 
iP of depreciation, neglecting the vital portion. They state (see “Value bevel q 
———, Definition of Depreciation”), “wThus, depreciation is just a 
= of values at different dates based on forecasted eer ‘numbers. of 
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service and probable. values of ‘the y 

= “probable values” depend o on strictly ‘non- -technological factors; hence, the 
writer cannot agree with the contention the | heading) that “Such 


‘iaietatlon s of different kinds of shevateal property ‘units, an and who p personally 


= examine the particular units whose depreciations are being determined.” 


bi. Messrs. Crum on are concerned | with technological depreciation ay. 
—wear, tear, decay, an 
must be realized that ‘it is pat Rais and its usual ‘antecedent, change i in 


a: but a short time ago; was the lack of newness of its equ 


It was rather the “economic depreciation” engendered by the business cycle, 


and the reduction in demand resulting from 1 motor truck and pipe-line cc compe- 


tition. A change in demand will leave a brand new trolley quite depreciated. _ 
e) Inflation might reduce, by a considerable extent, the previously calculate 

_- §o much for the annual provision ‘fer depreciation necessary to show th 


‘real annual costs. What of total accrued depreciation? Messrs. ‘Crum and 


Winfrey state quite correctly (see “Distinction Between Depreciation and 


‘Maintenance”) that “Depreciation losses of value are something which 
"cannot be made good in a physical way until new units are substituted for the 


depreciated units at the i of their service lives.” How do they Propose to 


i te (1) The authors consider only physical property units, and further assume, 


quite ¢ correctly, tha at the eum of the of individu al units i is the “total 


qi the present true value of existing property is determined.” fi are major 


market should, on the foregoing basis, hove no depreciation reserve, should 


show no “loss i in 1 value,” and have a true value of cost of 


that depreciation Tesulting froin obsolescence and loss i in demand cannot : even 
be predicted with ar any "kind of s statistical certainty. Such may ‘not 


— 

“ 

e“Sum- 

physical § demand, that is responsible for from 70% to 75% of all electric utility deprecia ex ag i 4 E 

conceptf : 

a 

Dasis 10 a 

ia 

They propose “* to create a depreciation reserve, which should be at all 

ustry in times just equal to the total accrued actual depreciations of all existing ct a ae 

scope of _ ‘units. In this way the correct annual cost is known and the depreciation reserve a ae 

tated as 

% 

= 

iation” are not intended to 

(2) If the words “total accrued actual deprecia 

restrict the reserve to physical depreciation, then it is submitted that a 

1tofthe preciation reserve adequate to maintain the investment can 

nor part accident, measure the “true loss in value. It cannot be denied that physica: 


Reserve in it an item very like insurance, dependent not on pre- 

- ¢aleulated risk probabilities, as is insurance, but on true uncertainties. Th hus | 
mt such a reserve would exceed the accrued depreciation by this “insurance” 

wy ®, amount: This item wuaia be in the nature of a prepayment by the customers 


for economic depreciation n not yet matured, but as sure to mature as physical B 


x ta depreciation. Such a reserve certainly could not be construed as a proper 
deduction from any figure to yield present value. This prepayment, by con-— 

_ sumers of the service, may in no case be considered as a disinvestment of the 
plant o owners. However, the consumer would be entitled to a return on this — 


ae prepayment, until the contingency which it anticipates actually matures. Thus 
_ @ reserve, as proposed by Messrs. Crum and Winfrey, is inadequate to maintain = 
the investment, whereas a reserve adequate to accomplish that purpose is not a 
suitable deduction for present value determination. _ This is the reason for the 4 
‘insistence that a clear distinction must be made between maintaining plant and 


Although some of the foregoing details are on the 


‘community as a whole i is the consumer 

aod hence must bear the cost. _ An unused road is just as depreciated as an 
manufactured gas plant. The depreciation has occurred and has been 
Bigs for in advance; and an accomplished fact must be recognized, _ joptias | 

} "Professor Grant is correct in holding that, “If the ‘decrease in value’ shown 
by” an appraisal based on the cost of reproducing the service with the most 

_ economical: modern plant should be much greater | than the accounting | depreci- — 
a ation, one ‘might reasonably infer that the accounting depreciation \ was inade- 


quate” (see “A Suggestion Regarding Depreciation Accounting”). Since he 


cx considers the service, and not the » original physical plant, the economic, as well 4 


as the technological c auses of depreciation, have been included. ‘Hence, Pro- 
ag cs fessor Grant’s method constitutes a good check on how much depreciation has 4 
occurred; it is a good historical milepost. However, it is an inadequate solution 


ren "greater. importance) how much will occur. i in the future. Iti is usually 
economically impracticable to collect past uncollected depreciation costs. 
¥f _ When such an attempt is made in an active e market, the development of the 
hes market is stifled. When depreciation, resulting from a reduced demand, is felt, 
Sp iti is then impossible to add extra depreciation charges without further dimin- 
ishing a collapsing market. As a rule, a large portion of the depreciation 
! Bis." reserve must be in the nature of a prepayment if the reserve is to serve its 
purpose. The sad effects of inadequate depreciation reserves, caused by a 
: misunderstanding of the réle of economic factors in depreciation, are clearly 
2 - ‘Been in the street railway | industry, the interurban lines, and the d domestic 


market of the manufactured gas industry—to mention but a few. 


If itis argued that — in demand and obsolescence do not belong in the q 
list of causes of of deg and the New 


bo 
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yell to such. services as hig 
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in 


discussion. it be stated that the ultimately ‘must pay 
for full “depreciation” in any case—either in operating expenses above the line, | 
orinan increased return to the investor ‘below the line. — Again the field i is only he 


it of the 

on this 

of a defined pans (0 appraisers ‘must also: do 
isnota 

for the 
ant and = ‘economic; hence cannot be detected by tools (accurate a: as may 
noite i designed to observe physical depreciation wen _ The annual cost of depreci- 

mption 

is of the causes. 8. Since a sizable ‘portion a reserve would. ‘represent 


c water 


prepayment in anticipation of economic depreciation, the deduction of this — oot 


of amortization and obsolescence which, although they involve separate ideas 


ee are | related intimately to it, enter—or, perhaps it is more accurate to write 
B ot enter—into a very wide range of activities. Possibly because of this 
- eondition, much confusion of thought has arisen. It is well, therefore, before — Me 
2 attempting detailed studies of standard methods of practical application, to 
concentrate attention upon an endeavor to formulate the tondementelatedl- 


tions from which the practice of for conservation of 


olution 

sh is of 

pat 

usually 

costs. a manufacturing industaies. The three papers of the Symposium give a 
, of the idea of how wide even this restricted range is. They are well selected to show 
, is felt, E = that, as Mr. Walls states, “depreciation cannot be made to suit a definition, 
rather the must truly express” the actualities of depreciation 

ciation 

rve its 


and obsolescence are used among men (of affairs, and the. 
that exists between these terms -and maintenance. Only quite recently the ie 
writer, in connection with certain problems of assessment of values of an in- mS ; 
4 dustrial plant, was met with the objection that certain provisions for depr 
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question had been to spend considerable sums on maintaining itinthe 
best possible condition. This is the confusion referred to in Professor Grant’ s 
ie. paper between “‘as good as new” ’ and “as valuable as ever.” The difference 
between the two is obvious to most people, although it does not s appear cig 
z: to be clear to the so-called “businessmen” ’ whose influences figure largely in 


vel to emphasize this difference to a ‘an even greater extent than it is in the 


Experience also shows that similar confusion exists as to the meanings of Pa , 
oe ae the terms amortization and obsolescence, although there should be no difi- 
culty in appreciating clearly the differences between them and the term de 
a preciation. For the benefit of those who confuse these terms it is suggested 
_ that a somewhat greater reference to them would be appropriate in any r re- + 4 
port of the Committee on Depreciation than has been made in the Symposium. — 
ite authors give, in some detail, their opinions as to what constitutes de- 4 


_ They differ from one slightly are united i in making 


ES of view of the party concerned with the assessment. He uses the terms “popu- — 
depreciation,” “secounting depreciation,” and ‘ ‘appraisal depreciation, 3 
and explains clearly in his paper the differences between them. Are they all — * 
4 ‘rightly defined as depreciation, however? The home builder in Example 1 1 
sold his home, after eight years, at the price he paid for it. . He lost no money 
on the deal; but, even if he had maintained the property well, its life had been rs 
rr ss _ reduced by eight years and there had been a depreciation. The accountant a. 
oS the appraiser take note of these facts, but the layman does not, so that, in 3 
a4 . the end, the author offers three sums—nothing, $1,000, and $1,500, respectively - af 
; pe - —on an asset originally valued at $6,000. An aim of the discussion is to 2 
determine the Possibilities of measuring depreciation by engineering and sci- 
“entific processes. In this simple example there are three sums differing widely i 
ee, their relation to the original price. They are all referred to as depreciations, and es, d 
methods of assessing them are all based on the logical Teasonings set forth 
in va in they paper. The question arises, if this line of argument i is accepted, whether — 4 
ee _ the appraiser is following engineering and scientific processes or is being led & 
_ away from them along a course of opportunism—of adapting the argument t to 4 
circumstances—which i is in essence nonscientific and unsuited about 


are computed. However, it may be possible to obtain for 
_ adoption some more clear-cut procedure to enable any particular case to be i 
and a fair judgment expressed as to the correctness and 


of the depreciation Dean Marston’ 8 statements under the heading 
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a The nature of depreciation prevents the possibility of reaching a state in 4a / 
— 
— 
that the fair price of any article or service is that paid in an 


iS use he can make of his purchase, or, in the terms of the p paper, the “presen 


worth of probable future service.” The difference between the present reese} 2 
at the beginning : and end of any period must be the true appreciation or de- 
preciation of the asset over the period. This fundamental principle ; 

a true measure that can be applied to any case at any time to ascertain whether 
a adequate financial provision has been made to meet the changes arising from 
ae the conditions—some v: very direct, some quite remote— —to which the asset has 

The application of the principle i is not simple because it may involve much 


opinion, and introduces possibilities of considerable One 
has only to think of ‘the numbers of technical cases | that are argued daily ero 


estimating they must rid themselves of this condition. Some 
8 sacrifice of ideals may be necessary to achieve practical results. = = —~— 
‘ _ If true application of the principle were possible, determination of de- 
7a largely a matter of periodical revaluation, and the varia- _ 
preciation would be largely a matter of periodical revaluation, an e varia 
Ate. tion of the periodical appropriations would be very different in different cases. _ 
pis i Applied to the finances of certain classes of heavy civil engineering works, such — 


fag as those which Messrs. . Crum and Winfrey claim, rightly, should be—but by eg 
no means always are—subjected to adjustment from this point of view, there et a 
would be many cases in which little variation would be found from year to of 
+h 
year. In others, such, for example, as Plant installed in new and rapidly 
developing industries, there would be large and irregular variations, 1s, and the a 


influence of obsolescence would be much greater. p or factor isnot 


estimate the chances “drastic changes in processes, etc.; but even 

he cannot tell whether. or not some new invention or idea may be developed at a 
any moment that will alter completely the capabilities of his plant for effective ai be 
manufacture a and This obsolescence is a Vital and incalculable 
lives must be adjusted to allow for these incalculable possibilities if f effective 
- financial p provision is to be made. W hen obsolescence is an important factor, “ 
- preliminary estimates and economy studies may be stultified and an ample _ 


z basis afforded for writing off values quickly, irrespective of actual real de- i 


The accountant’s the problem i is not concerned with 
“sf “ike 4 He must see that adequate provision is made so that money may ‘be 


available replacements or reconstruction when it is needed. He “must” 


‘ 


the stricted transaction in the open market by a willing buyer to a willing seller, 
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he see that ‘depreciation provisions are seasonable: this outlook 4 


has developed the idea of Professor Grant’ s “accounting depreciation.” It 
_ might be described not as a depreciation but as a provision for depreciation, 


x 


for depreciation (the “accounting depreciation”), but o over the large 
number of items that combine to form a complete engineering entity there isa 
much greater possibility of averaging. figures for depreciation provi- 4 


e the provision made in the books to meet it should be far less, proportionately. 
 Obviou isly, for sound finance the provision must exceed the depreciation. 


cone writer halisives there is much in favor of a standardization of the term 
“depreciation” to mean one thing and one thing only. The idea of deprecia-~ a 
should be based on the physical conceptions that determine the future 


7 Be vise. - possibilities of the working life of the asset. The reduction in the present 
at a —_ of these physical conceptions over a period is the depreciation over that 


period, whether resulting from the normal shortening of the working lif life or 

from extraneous causes. How the depreciation is to be met is a separate 

me aS e problem. As, in general, periods of numbers of years are involved, in ordinary — ies: 

cases there is no urgent necessity to keep strict mathematical equality be- 


tween. depreciation and the provision made to meet it, although obviously the 
difference between them must be kept within proper limits. The former may — 
ee be irregular in its increments and the latter (usually) regular. It is essential, 4 ‘a 
vem however, that during the greater part of the time the provision be ahead of the 
“Sar depreciation if a sound financial position isto be maintained. | 
X a In Professor Grant’s examples he introduces a point that has not been elab- 
grated in the Symposium—namely, the increase of value of an asset over 
- period in spite of its physical deterioration. . The circumstance, although un- 
tes usual, arises sometimes in connection with items of engineering plant. It is 


we likely to do 80 o increasingly with the rising demande for such items, which = 


es purchased some years ago at a lower price, must be replaced at a price that 
oe oe ae may be several time that paid originally, it scarcely can be expected that the 

us", provision for - depreciation made over a number of years, when there w was little 
fj fan Chita or no indication of this i increase, will be adequate to meet more than a f raction 3 
Bay 3 of the new cost. The corresponding problem of insurance can be dealt with 4 
Oi by an increase of coverage, but in in extreme conditions the greatest practicable 4 
mK) a increase in the rate of provision may be far from sufficient to write up the fund | 


to the new Is would be of interest to have the authors’ views on this 


E 


4 
“ 


on 
on it, ong as there are resources out of which to meet demands arising 
— 
— 
i. 
usually DY arithmetical process based Of OFiginal COst and 
ee 4 -——duetions therefrom at fixed or varying rates. On a single item, such as the — 
simple one used in Professor Grant’s Example 1, it may result in a wide dif- ane 
geeurate view of the actual value of the item, but in the aggregate, if the 

— 


“depreciation” almost invariably preface their remarks with comments as to 
<7 ‘the state of confusion that appears to exist in the minds of those called upon 
ae to deal with the matter, either practically or academically. The several con- 
_tributors to this caper support this observation in the presentation of i 


Nevertheless, after thorough review of these p papers, the writer feels that 
ss, there still remains a tendency upon the part of each to merge discussions of 

“concepts” with those of “procedures. emphasis throughout seems to 

be directed primarily to the methods and to the variations in such methods for 
differing purposes. — Perhaps | a & rearrangement of the material would go a Tong Bs 


me toward clearing u > the confusion. Professor Grant alone has introduced 


treatment of the subject by a section entitled ‘Three Fundamental Depteci- 
a ation Concepts,” in which he Clearly differentiates the three fundamental or 


,% foundational approaches, and makes reference to Professor Bonbright’s great 4 
Work, in presenting these fundamentals as “con- 


"There i is no fudanioaital” | difference in ‘the causes that "iii about! the 


ak depreciation of assets, whether such assets are used in regulated industry, com- 
‘petitive industry, or in | public works. Certainly there is no difference in the _ 


life expectancy of a boiler or generator, as such, simply because it may be a 


of an  electric-light system under regulation, a private manufacturing enter- 


ential, — prise, or a municipally owned plant. It m may be concluded, therefore, that the 
ofthe — _ basie segregation in the Symposium is made in order to recognize the differing _ 5 


treatments to be accorded i in the case of (1) a business s monopoly, (2) a competi- — 
operation, or (3) a politically. controlled budget, 

a _ If the appraiser is really to get down to fundamentals, the property itself — 
4 - should first be subjected to clarification. To illustrate: Assume the extremes 


= Teflected in five types of depreciable assets (or ‘ ‘properties”), each of which— 
aitider the realistic approach—obviously must be accorded a different treatment, 
as follows: (a) A leased fee in a parcel of improved real estate; @) a complex 
_ ndustrial “plant”; (c) an automobile; (d) an oil well; and (e) a motion picture. 
Any one of the foregoing constitutes a “property” and a ‘depreciable asset”; 
' q 4 that is, it will at some future date be expected to reach the end of its useful jite! 2 
: _ Now, the character of each of the foregoing properties (or assets) is different, — 
‘The “leased fee” (type a), for instance, has a known or agreed upon future life. 
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‘The “property” itself is in ‘inh a right to receive a stated s sum of money for 
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itor, 
d de- 4 in turn, should be of inestimable value in clarifying the basic thinking. By — = = 
sthe inference, at least, if not specifically or intentionally, almost the entire en 2 
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P: a rate that may be charted i in the form a a parabola. y ery little will accrue 
ay 


“the: first year, and the ; sum will continue to increase each year thereafter to 


ie of any date and ‘the > original + ea value,” using ordinary interest or op 

the ‘industrial plant’”’ (type b) the appraiser is dealing with a complex 3 4 
assembly of items comprising the depreciable plant, each of which is wet 
aes _ to an individual life expectancy from both physical and functional factors. 3 

=. However, the enterprise as a whole is further subject to all of the risks and 4 

hazards of competition, economic and social changes, etc., and hence such 
per a factors. may enter into the depreciation problem. — _ The wide variation in the 


life expectancy of the component parts, for reasons which need not be discussed 


here, leads to the usual al adoption of of the > “straight-line” basis as as more 4 


The economic life of ‘‘an automobile” (type c), by both nature and custom, _ 
x is. heavily influenced by the factors of obsolescence. - This influence starts 
- quickly, and it is generally realized that the moment the new car is driven out : 
of the salesroom it must be considered to have taken on a substantial “deprecia- i 
ae tion.” Therefore, the “curve” of type a is reversed in character, and again— 
tealistically—the “heavier” su sums accrue during the earlier 
The economic life of “en oil well’ (type d) nd its ‘ ‘curve” of realistic 
ou epreciation are similar to that of the automobile, although perhaps for more | 
basic reasons. gas pressure when a well is first opened serves to bring out 
the highest production of petroleum during the first year; r; and as t the. 
pressure (and volume of oil) declines, the flow is less, and ‘ ‘depreciation’ 
@epletion) is reduced accordingly. (The analogy here, of course, is that, 
oes the deposit is depleted, the iceesiennt’ is proportionately depreciated. ey The 
> curve can be rather closely defined by the experience of other wells, and the 
engineer may make his estimates’ accordingly. {i Finally, the ‘ “motion picture 
(type e) is also a “property” and an asset subject to depreciation, Keeping to 
oe actuality, the value (or cat, the purposes so dictate) i is found by experience 4 ; 
to depreciate at perhaps 85% the first year, 10% the second year, and 5% the - 
- third year. Whatever is left after three years may be viewed in the same q 


manner as Paps in other types of property after the end of the useful life. 


7 ee that the points raised and 1 discussed i in the papers could be developed 4 4 
with greater clarity. To a large extent (except for certain illustrations), the 4 
entire scope of the material presented by Mr. Walls, Professor Grant, and a 
Mr. Crum and Professor Winfrey may be considered to be directed toward the a 


classes of assets similar to ty] type e b—namely, the complex industrial plant. 


idee such assumption, it must then be concluded that the discussion to — 


follow should be so limited. het itt this 3 is true, it would support the opinion that 


= the material is to be considered primarily as directed toward the questions of : 
procedure under the hypotheses of (A) controlled industry, (B) oe | 
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summarize as physical functional obsolescence, and 
obsolescence. There appears to be no clear-cut distinction made ‘between 
“functional obsolescence” and “economic obsolescence” and—again—if such 
were recognized it might well tend toward clarification. Realistically, th y : 
factors embraced in such causes differ in character and hence are subject to 
a ‘segregation. Practically, it may be difficult to draw a definite line of demarca 


tion. theory may be set up, however, and the may 


"manner a as in the competitive industry or or the m prance owned plant. 2) sae 
_ In like manner (although perhaps not to the same degree) this may be 
of “functional o obsolescence.” (A power plant becomes outmoded, irre- 

a spective of the type of operating g control.) _ However, the obsolescence of a 
plant occasioned by changing economic conditions is usually present toa 
much less degree in regulated than in competitive industry. The pameeregetl a 

“le a franchise, granting monopolistic rights to perform given s services in a 

*% community, places the control of retirements much more strongly in the hands» 3 
of the public utility operator than in the case of the competitive enterprise. 
Of course, the artificial gas company faces the threat of the encroachment of 
natural gas, but nevertheless the hazard is greatly circumscribed. 
- _ Furthermore, the municipal plant is rarely faced with economic obsolescence _ = 


le any great degree, except as public opinion may bring pressure axe bear upon 


“and Professor Winfrey’s excellent paper admits the inadequate of 
_ depreciation i in a the case e of public | works—even : as they sO ably ‘set forth t the need — 


_othertypesofownership, 
Analysing the papers from a slightly different standpoint, one may 
ng to 
rience 


, es (and hence the amount of, and provision for, depreciation) of the tangible 
assets. Iti is this influence that might b be embraced, under 
in the. category ‘economic obsolescence. 
If the foregoing discussion is a correct interpretation ‘of the 
- the entire peoblem presented in the Symposium might be summed up as 
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ON DEPRECIATION 
ult providing for future depreciation for the depreciable tangible assets 
a Bs aor _ of complex industrial enterprises which are (1) under public regulation, — 


‘With a thoroughly developed exposition of the underlying concepts 
“property” and ‘ “depreciation” as a foundational section, then the treatment 
a the principles and methods—whether for value estimates, rate making, or _ 
accounting, and each under various types of be more effectively 
James T. Ryan,“ Assoc. M. Am. Soc. C. E.—This Symposium reveals 
= quite clearly both the extent and the sources of the confusion in current thought — we : 
ae. & iy relative to the subject . The stresses to which language has been subjected in _ 
3 the processes of adaptation to the need of the machine age for agencies of de- 
mae 2 scription and expression have been at least as severe as those entailed by the ‘9 
‘machine upon metal, timber, and stone. By the same token, the genius 
es _ created the new industrial culture has had no harder task than those involved _ 
in defining the principles underlying it and explaining their meaning and scope. __ 
= do this it has been necessary virtually to create a new language in which a “2 
ee. ae, vast number of words and phrases in previous use have been adapted to pur- 
A poses for which, in many instances, they were but poorly suited. The word x 4 
“depreciate” and its derivatives, for example, originally applied solely to value, 
dictionaries still define as to conditions that are 


eo gineer ’s trouble arises from an extension of the terms to conditions not’ con- ou 
‘a templated in their original definition. With the growing importance of prob- __ 
lems in physics, in chemistry, and in mechanics, arising from the decay of 
- timber, the corrosion of metals, the disintegration of masonry, and the attrition te a 
of wearing surfaces, there came a need fora general term that would characterize : 
all such processes in the same way that “depreciation” covered all influences 4 F 
that. adversely affected values. - ‘Unfortunately, 1 no new word seems to have 7 


been available, and the old one was appropriated for the purpose and has come si 
ae. At the same needed a | for a similar purpose. 
_ They were not interested in depreciation as the economists applied the term to 
a "declining values or as the engineers had te to use it with reference to im- 


were concerned vith 


— 


eS 2 ‘regardless of how effected or indicated; and they too (probably also because A “a 
other term seemed to be 2 available for the purpose) ‘appropriated “deprecia- 
tion” for the purpose, andj gave to that word new meaning consistent with 3 

new uses to which they adapted it. © | 


_ From these premises it seems pertinent to suggest that Professor Grant’s 4 
different. depreciation concepts” may well be restated, 


= 
ap 


First (and oldest), the economic concept; in depreci 
lated solely to loss in,value, from any andallcauses; 


Second, the engineering concept, in which it is essentially related to 
or. functional efficiency irrespective of their 


Third, the concept, in which conclusions reached under the 
- first and second concepts are applied to the measurement of capital lost 
at or in current operations. = 


ese “concepts may lead to. entirely different ond unrelated con- ee 


* Mr, W Walls apparently prefers to limit consideration of ‘the subject to the 


engineering concept, although he fully recognizes the engineer’s responsibility 
to both accountant and economist Professor Grant virtually i ignores | the en 


gineer’s concept—or, at. least, , Subordinates it it to 


Messrs. Crum and Winfrey present an additional which, although 


primarily based | upon economic ¢ considerations, is confused by. adapting the 
definitions quoted by them toward an objectivity that seems to be related to a . 
' "political expediency rather than principle. It seems incredible that they should a 


Definition of Depreciation”) the procedure for 

from subsequent accounting records, the ‘ “true” value” of a property outlined 
under the heading “Distinction Between Depreciation and Maintenance.” 
The accountant. cannot keep a record that will at any time. exhibit such a 


result His entries begin with a statement of cost. This cost may or may not 
be equivalent to value. periodical entries recording the subsequent. con- 
sumption of this original capital, either as depreciation, depletion, or r amortize, 


tion, may or “may not be equivalent. to concurrent “oss i in -walna’™ ‘or “decline 
in present worth” applicable to the same property... ~The is not i 


a Position to make such a a papaya and cannot assume responsibility 1 for it 


as & periodical occurrence or or as an total, be, determined by 
him, That i is the engineer’ s. job. If he performs it properly and reports the 
results intelligently, the accountant will find his ; conclusions to be of ines 


timable value in maintaining the accuracy of acqounting, records, but neithe 


‘It might be suggested that Professor Grant’ is 


- Such calculations are of importance i in many respects, but do not seem relevant 


3 ie to the questions under discussion, unless it is the intention of Professor Grant — 
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have Tulness for that purpose would be impaired if not destroyed uf he undertook 
come | _—reflect in them current or periodical adjustments of invested capital to con, = 
form with “present true value.” The accountant cannot assume this function 
‘mto 
ia 
r 
EXampies's ahd are ce Ns Comparisons Devween whe Pres- 
‘ant’s 3 4 ent values of specified annuities with different time factors, and are related to 
ated, “a — values rather than to a determination of depreciation as an engineering conce ce ae 


Vinci, 


suggest the depreciation to a given ‘property may be 

ae properly by its earnings. This may have been one purpose of his Ex- 


a ample 1, 1, in which the accountant has a record of of depreciation, a and the engineer 4 

will doubtless’ discover « convincing ‘indications of it from an inspection of the 

whereas the economist finds no evidence of loss in value and, 


‘Under Messrs. Crum aid Winfrey’s suggested procedure, this sec is 


_ preciation, a corresponding decrease in value is established, regardless of evi- a 
ie: dence to the co ntrary, or the subsequent discovery of error in the bookkeeper’ s a 

The fact of value, although ‘supported by conclusive evidence, is 
a ae Mi be disregarded if inconsistent with accounting records. The obsession that z 
an eae a theory i is 80 beautiful that it must be protected from i injury by the distortion — 
or ‘suppression of contradictory facts is not new in engineering, literature, or 


ay a law, but seems to be out of place here. 


no 


: Timits the useful life or the earnings of structures or ms achinery, and that 
= decline in either usefulness or earnings does not progress uniformly with the — 

passage of time. Any great industrial enterprise requires the coordination of 

various kinds of equipment to operate in each of its major processes. 1 The | 

depreciation of any given structure or machine, or any component element 
therein, may entail injurious effects upon other elements in the same vigdecr cho 

or machine, or upon other structures or machines in the same plant or system. — 

‘The replacement of one unit or element in such a plant or sys 


ental the necessity for the oe of others that may be in excellent con- 


- tensive remo g or discar arding of plant equipment and facilities. 
- Physical condition is not, dhailabe. a safe basis for a forecast of atid 
ict ee usefulness; nor is an estimate of life expectancy a satisfactory basis for deter- _ 


deling 


lan 


mining physical condition. The suggestion, Te) frequently implied i in this Sym 
. as. posium, that an accurate determination of depreciation may be arrived at by 


Teference to the calendar (for from estimates probable life expectan- 


tart 


an 


id involves the consideration of measures calculated to abort causative in- 


2 


reversed. _ If the accountant’s records show charges against earnings for de- 3. 


should be emphasized that depreciation is not the only influence that 


q 
tem frequently 


a fluences and to minimize or avert resultant damages. — Accountants and 
Fi "economists alike have profited by making full use of his judgment and ex- q + 


Sou C. Pages,“ M, Am. Soc. “Fundamental Aspects 
the Depreciation Problem: Relationship to Public Works and Government 
Finance,” Messrs. Crum and Winfrey have brought forth for inspection some 
a pest a of the differences between g governmental and private accounting procedures. 4 
a ae Emphasizing the lack of consideration of depreciation in governmental ad- E 
ministration, the authors suggest that depreciation | ‘should Teceive a proper 
pe ote place i in this field if accounting of public funds is to be other than a partial truth. 4 
Federal officials charged with the administration of public works must 
observe, of course, the laws of Congress and the rules promulgated by regulatory 
3 
 Commr., Bureau of Reclamation, U. 8S. Dept. of the Interior, = 4 
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bodies deriving their authority from a Th ws and rule may 
i be sufficiently restrictive to prevent the accumulation | of reserve funds for re- 
S placements. This is not invariably the case, however, and, even in cases 
_ where maintenance of a reserve account is not practicable, recognition can be 
_— to depreciation of property as a factor to be considered in planning futu 
operations. The Bureau of Reclamation, for example, i is engaged i in the co 


struction of large engineering projects, the operation and maintenance of majo 


In each of these three | primary activities, the principles of depreciation 
are recognized in the attendant accounting procedures. As an illustration of 


he he applicability of these principles, and in the hope that something of value : 


1902 has been ‘engaged in the construetion, operation, and maintenance of 
engineering works designed to reclaim for agriculture. the arid and semi-arid AY 
4 _ Valleys of the Western States, to produce power, and to provide flood control 
and telated benefits. Varying i in size from the large- -scale Grand Coulee Dam 
ion of (Washington), Boulder Dam (Arizona-Nevada), and Shasta Dam (California) 
2 “The § to the relatively small Great Plains projects, the Bureau has had the responsi- 
bility for expending more than $690,000,000 on engineering construction alone 
since 1902. “. The ‘csouneinannctniiog 4 of this large sum has been in accordance — 
Before continuing the discussion of the subject, a general outline of the 
Berean’ s financial structure may be helpful. — ‘The | federal reclamation of ari 
lands in the West, concerned with the senna of water, the production 
3 of electrical “energy, and the created potentialities for the establishment of — 


independent farm homes, is essentially a business | enterprise. ‘The capital i is 


z — provided by a revolving fund known as the Reclamation F und, 1 which i is sup 
i. plemented by occasional special appropriations. The money expended is con- 

_ tracted for ‘ repayment by the users of the e finished product. - The: cash collected 
by the government | as reimbursement | for construction of one roject ecome 


_ capital for the construction of another project. 


lect The repayment plan or amortization of the construction cost of the com- 
he pleted | project i is based on an exhaustive study of crop production, i income from > 
% crop yields, and use of electrical energy. The total repayable obligation must 
be within the e ability of the consumer to pay, and the repayment must be. com- — 
pleted within 1 maximum periods fixed by statute. i. ~ At the end of the amortiza ate 
tion period the project becomes in effect the property of the users, although a ieee 
ratification of the transfer by Congress is necessary. . The anticipated costs 
3 after construction § are routine operation and maintenance ‘costs a and occasional 
om major r replacements, which 2 are made by the users’ ‘organization « or by: the Bu- 


RY. 
nso! far asi its power developments are concerned, the Bureau of Reclama-— 


tion recently has adopted the F ederal Power Commission’ 8 | uniform system of * 
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latory ge ~ anyon Project Adjustment Act of July 19, 1940, definitely provided for , 
cluded, in addition to operation and maintenance, amorti- 


for financing it its construction and the establishment of an adequate reserve toe 
_ replacements. The principle of depreciation is also ‘recognized in the estab- 
48 lishment of rates for the sale of electrical energy from its other power develop- 
ed ments and in the establishment of rates for the sale of water from its —— 


facilities for purposes other than irrigation. to 


Me _ Depreciation as used by the Bureau of Reclamation in its ower-plant 
it operations i is considered to be the reduction over an estimated pe iod of time 
of the original cost or value of a structure, facility, or unit of equipment, due — 
; to its de deterioration by wear or tear, or or otherwise. 1 It i is * recognised for the 
purpose of i insuring accurate and. proper fund accounting. to bat 
mk a ‘The Bureau further has recognized the advisability of depreciation account- 
ing for its irrigation operations; however, existing law and contractual com- 
 mitments do not permit charging depreciation, as such, as an item of. cost of 
ae i operation because annual fixed charges are collected from irrigation bene- 
ficiaries for the amortization of of the fixed capital in addition to 
operation and 1 maintenance charges for irrigation service. on 
order that the consumer shall fepay only the actual cost at of construction | 


to the government, the: cost-accounting system used during the construction — 


allocates all costs to the  prineipal and physical features of the project. 


salvage value of unused plant equipment and ‘supplies of 4 
€ construction. The records accumulated in this fashion, in addition to deter- 
- mining the exact sum that must be repaid by the water users or power con- 
2 _ Bumers, have served to provide a reliable basis for estimating the costs. of new 


projects or parts of a project, or the cost of replacement of structures on ope 


i bed, Costs during construction are maintained by principal | features, of which a 
‘ahs! reclamation project usually contains two or more. Principal features 
represent a general division of the project into its primary parts or units; the 
nature or function of each feature is usually implied by its name, such as eX- 
amination and surveys, storage works, canal systems, ete. Principal features 
are further broken down into physical features. A breakdown of principa 4 
- features into physical features i is made f for the Purpose of collecting exact costs - 
: on separate and distinct jobs o or units or divisions of a project. They represent 
some tangible section of a project when construction is completed, such as a 
a _ Supervisi n, n, labor, and materials comprise the bulk o of construction costs. 


Beers an accurate distribution of these costs to units can be made with no _ 
i 


unusual difficulty. However, many | items of equipment are not fully ‘“‘de-— 


7 equipment,” ” and the method of distributing its cost to grid units oe: 
fy ag 


a: ‘The costs of equipment and its erection into a working unit are ‘ideilaamniina ‘3 


into what is known as a “plant account.” The costs of the aohria are 
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"absorbed into the cost of upon which are by the monthly 
transfer from the plant account of of an amount that is proportioned to the work 
during the month. ‘The transfer of. these costs involves” two hg 
ae elements: (1) ‘‘Plant’”’ charges proper, which cover the direct costs of installa- 
3 . tion and erection; and (2) equipment charges, which cover the depreciation to te 
‘be charged to the feature for the use of nonexpendable equipment. _ The tra 
_ fer of plant charges proper presents no unusual problem. The transfer of equip- 
ment charges through | depreciation i is described in the following paragraphs 
af ‘Based on the Bureau’ 8 experience, different rates of depreciation for thi 
various kinds and classes of equipment are established. The rates for motor — 
= yebicles are ona of percentage of ‘original ¢ units 


40% of the original cost, for the second 10,000 miles at 30%, for the third 10, 000 
miles at 20%, and for the fourth 10,000 miles, at 10%. The reason for ‘this — 


ae. 4 graduated ‘scale i is to decrease the depreciation charge as ‘the operation ‘cost 


yy, 
increases. _ The mileage basis of rates, varies, depending on the nature of the 
‘Se work to be performed by the vehicle, but. the foregoing r ates are generally weed cae 
a _ Small tools are charged out on a monthly 1 rate to the plant or work on ahieht 
they a ar used. _ Charges usually are based on a percentage 
g of the value of tools in use on the feature at a rate of 8% monthly or they are 
is based on & , charge that is a percentage of the monthly cost of the feature, which- _ 
ever is is. ‘most appropriate. ii: Depreciation on sm small t tools | varies | greatly in the Fe 


a different classes of work and, in case the percentage selected is found to. by bes’ 


_ either too high or too low, it is changed to agree as nearly as practicable with — a 


4 Other articles of major equipment are also grouped into ‘ “plants” 

ta wai ails yd sie ‘seal On 10 on 
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wh store plant equipment. . 
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uous 


oF or more. If the equipment i is used more than an average ¢ of one shift per day, 


the charge i is increased accordingly. No c is on equipment in 


4 


order to insure distribution of cost over a longer period than the month i in e 
_ which extensive repairs are made, thus arriving at a better unit cost of work i in 


The plant accounts are charged with all equipment in 


Under the ‘Bureau’s: procedure depreciating nonexpendable 


~ each item fully—certainly many otnith more than it takes to construct a project. — 
Some provision must be made for r disposition of the balances for undepreciated _ 
values that remain on the books at the close of the construction period. _ Upon 
—_ of the work for which equipment or plant has been used (and this 
may occur at any time during the construction period, not necessarily at the a 
wk 
completion of construction), a salvage value is fixed by a board of survey. _ 
_ The equipment is then transferred to another project, or sold, using the - “a 
i _ praised value. The appraisal is based on the actual value as represented by 
physical condition and the current market value of similar 
_ a. _ Adjustments are necessary to reconcile differences between the ‘appraised values — 
procedure just outlined applies to ‘the constr 
Bureau of Reclamation. It enables the Bureau to determine precisely the - 
CS of the. entire project and all of its major subdivisions. The costs repaid = 


a pars previously ‘mentioned, the Bureau is in the u uniqu » » position of not only 4 
-—onskucin projects, but frequently remaining as the operating agency follow- 


ing completion of the works, The handling of depreciation on power projects z 


is controlled by rules of fixed procedure that are too complex i in character to 
= explain in this discussion. Essentially, it is that a certain portion of power a 
Oe. revenues are set aside each year in a reserve fund for replacement | of the major 4 d 
items of the plant. The accumulation of these reserves has a direct relation 
ome ave to the estimated service lives of the items of the plant. 
The depreciation in connection with operating and maintaining 
¥ 
those encountered i in ‘any operating enterprise. Operation and 


i, beginning of each year or are appropriated by Congress and repaid by the water ‘ 
S 4. users at the end of each year. _ It would be desirable to set aside in a reserve | 


pa a for reclamation projects are either advanced by the water users at the 1 | 


account, each year, from these : appropriations or advances, a sum that could — q 


ay, 4 _ be deposited or invested in order that at the end of a fixed period of Sonn ade- E 


e ey progress. - The cost ¢ of such Tepairs is distributed i in the same manner, and at i 


tele, 


2 


a charge is made for the entire period the equipment 1s retained for use on th 
bs - xe feature to which it is charged, regardless of whether or not its use is contin 
during that period, except that no charge will be made when the performa 
: 
> 
| 
| 
4 
2 
4a 
i. 
a 
iil 


quate capital would amassed to t of maj 
_ structures with a limited service life. 4 As a matter of policy, the Bureau ifavors — 
the establishment of such reserve accounts. Their establishment requires the 


geaerve accounts ill, become: more widespread as their value is more fully 
- appreciated. Whether additional legislation would be helpful in providing an . 
answer to the depreciation problem for federal public works cannot be known 
without further study, but certainly this Symposium has been helpful in re- at 
een the weaknesses of the subject and the need for uniformity i in handling it. 


a divides itself into two categories—one, the nature of depreciation; the other, 

~ oe treatment to be given to it in the various situations having , to do with — 
and public businesses and public utilities. In ascertaining the nature of 
depreciation one deals with a specific and tangible fact as of some instant of — 


Se whereas the matter of its treatment is solely “one of public < or private 


Rigo which, , in some cases, must be made, effective by legislative 2action. 


‘normal maintenance, it is of ‘manufacturing a certain quantity 


- products, thousands of barrels of flour, gross of shoes, kilowatts of electricity, 
a~ -miles of goods-carrying, locomotive miles, car ‘miles, passenger miles, cubic. 
feet of gas, and all all other products of industries » Asa a plant is is operated these 
units of service are are consumed, but as maintenance, repairs, and renewals are 
- made these units are in part replenished. — It seems logical and reasonable to 


define depreciation as th the loss of service units. 


repairs, 


| of which will keep it in first-class operating condition. When 
‘property reaches this stage the annual maintenance, repairs, and Tenewals 
ju just equal the a average losses and there is no further accumulation of deprecia-_ 
tion. This condition is found in the tie system of the American railroad which 
is receiving i its regular maintenance, repairs, and renewals. Where the annual — 
is fairly u uniform and the maintenance, repairs, renewals become uni- 
form, the annual losses are “made good” currently and it may be said that 
F - there has been no depreciation for that year. _ When the losses are due to wear 
and tear from | use, the annual depreciation is in : a direct proportion to the use. 
When the losses are from deterioration due to weather the depreciation is — 
2% Obsolescence, as of a specific time, o r during a certain year, is more difficult — 
* _ to determine than any other kind of depreciation. Where there is a uniform | 
¥ "change in an art from year to year, and where, at the end of a » certain period, ss 
a machine is found to be obsolete and inadequate, it would seem reasonabl 
a _ to say the obsolescence had occurred in a uniform manner each year. On the 
Ps: _ other hand, where a machine becomes obsolete and 1 inadequate because of ie 
; q ; invention, it would ¢ seem ‘that the 1 major ms of ‘the obsolescence had occurred : 


he purpose of providing s service. _ That is, during a period of time, with © 
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‘that from past experience these new inven ions are to be expected and 
it splendid example of the irregularity with which units of service may be _ 
used up is found in the heavy artillery of the United States Army. Through 
«long experience it has been found that each piece of artillery, depending upon 
+ o its type, can be fired a certain number of rounds, after which it is no longer 
 ‘aeeurate in its range nor safe from explosion. As a result, each piece is fired 
only the determined number of rounds before it i is retired from service. _ Now if 
ar a new gun is held in reserve for two. years, and one half of the units of service — 
ie Pm fired within one week, there has been n no depreciation fc for the two years, 
and 50% of its ve alue is depreciated within one week. However, if the gun had» 
= : fired once a day the depreciation would accumulate from day to day until 
ic , at which time the gun would have 


Asa ay the engineer, is called upon to determine depreciation as a act, - 
‘ : 


of a ‘particular date. At no time should the > engineer lose ‘sight of the fact 
; 7 that depreciation be. effected | by subtle n meta physical reasoning or by 
or any other process. - Whenever the engineer deals with this subject the quality 
nis of his work will be in direct proportion to the degree with which he ascertains — a 
and records the fi facts. The work of the accountant varies from: that of the 
engineer in that his estimates must be made in advance of the fact. He 
os estimates what the probable depreciation will be so that he may make proper _ 


With the knowledge of the nature of depreciation, a policy with reference 
to its treatment can be adopted intelligently. — Ih the administration of a 
Policy either an engineer or an accountant, or both, are the parties usually 
employed to participate i in the policy adopted. requires the 


reconciled. 


‘j aa It is the writer's belief that much of the difficulty which has been experi 
S a enced in in dealing with depreciati ion has been the attem pt to have it controlled 
WIS by a ‘predetermined definition or thought of some social school or economic ca 
| i order. He also believes that the solution of this problem, like many other — 
ps “social: problems, should be predicated upon as complete a knowledge of the na A 


- ture of the subject as possible, from which a policy of treatment is determined. — 
Joun F. Esq. —Theories of analysis and deduction are valueless 
es - anless actuated by sound methods. In none of the papers of this Symposium | 
ca does there appear any information as to a practical method of collecting requisite — 
- data to determine a sound and true e depreciation rate. ws The most important and 
- dominant element in valuation is depreciation, and the most importantelements | 
ia 2: in depreciation, as applied to wt progressive industrial organizations in the _ 
United States, are obsolescence and (2) inadequacy. Other elements— 


ag 
> 
Ol Fir his Work 18 one oO! professional and SALIS 4 “hag 
there should be little or no difference in the results determined by either en- 
a 


The industrial developments in the United States have been so rapid since 
the beginning of the twentieth century that mechanically sound machinery and © A « re 
age often become useless because industry is finding new and larger, 
_ different equipment so valuable that it has been profitable to scrap units which 
yesterday were considered the best. To decide the economy of such retirement, 
however, requires a knowledge of local conditions , general understanding 
we : - the industry as a whole which no outside valuation expert, however proficient 


me he may be, possesses to & degree to qualify him, alone, to establish ieee so 
ie: . When he starts such work in a new plant, the wtited has made it a practice to 
ae. become poqeniated with the foreman and operators of the various machines a 


to be of changes either in or need of manufacture, ¢ of 
the articles now produced? The writer explains, in layman’s language, the 
problem of obsolescence and inadequacy (not using these terms at first 


first the response was negative, but as the work pr progressed, acquaintance 
a e with the men grew, and in the process of reviewing other similar problems the Byes 


_ writer we was gratified t to note the development i in 1 the thinking of the shopmen, ae 
Ee and the sound conclusions formed as to the future value of their machines and i 5 4 
equipment. Men who direct the operations and operate machines for any — 

ie _ length of time come to know tl the limitations of f those 1 machines or to dream of - 
_ The collection of these developed op opinions, based on sober continued thought, Be: : 
@ during the course of the work—their assimilation, balancing and comparing sh 

a with other data of other plants—never failed to produce invaluable information tig 

r ares which, to a rather large extent, determined the depreciation factor to be used i ae 
establishing a sound and true “‘present value” of the equipment of the plant. 
ae _ The innumerable tables. of straight-line, and other her depreciation rates extant, ae . 

served as a crude check, but such ‘values were many times considerably, and 
= ‘sometimes radically, changed by this collection of first-hand knowledge and ay 

opinions of those whose work and. experience peculiarly qualify them to have 

- voice in rate making. 3 ‘This procedure : requires time and patience—patience to 
: i‘ picture the problem to men who are unfamiliar with valuation work, particu- _ i 
obsolescence (a word that rather stopped their thinking temporarily). 


When the } picture was perfectly clear, however, the writer found a mandy, 


= ginning toward formulating a preliminary agreement on fundamentals,” as 


bo Prof., Bag. School of Civ. Eng., Cornell Univ., Ithaca, N. ¥. 
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there are plenty of technical details in the second and third d papers and nothing © . 


a 


Why continue this battle of words about little or nothing? All agree that , 
c4 there is such a thing as depreciation, but not on how to determine it. sis All" 
“2 might agree, however, that the first essential to its determination with a fair 
and reasonable degree of accuracy is an honest intention to do so. A company 
that sets up depreciation reserves three or four times larger than necessary to 
requirements according to its own replacement records is not | 
ge oe determine depreciation accurately but is attempting to “put something» 

: over” on the authorities and the public. A company that uses one set of 
depreciation figures for the Bureau of Internal Revenue and an entirely different — 
os for the authority that governs its rates is also scarcely honest. — Although — 
5 these and other irregularities have caused some of the existing confusion, \ a 
o a is | becoming increasingly safe to leave them in the hands of the oe 

authorities whose duty it is to detect them; : but much difference of opinion will 


1 1.—Compantson OF THE Costs OF 


A! 
An- 


nuity 


years is not obscured as it is 


2.524 with the Matheson or the con- 
2.524 stant-percentage method. 


“wih 2.624 equalized results in the 


fo in and last ¢ column ‘Table 1 were 
ill New York, on nd computed by using the annuity 
London, England, 1940; see Fig. 22, p. 70. equivalent to the repair costs; 

using the average ‘annual 1 repair cost, $3,167, ‘discounted by 5% to 
because of the larger one in the wing years due to the use of the naa 


wer 
— 
— 

+ (In Bo i! seen the 
Le? AS ) ‘line | 348 


=’ These are quite variable, of course, but none is as large as that for the first 5 
‘The writer firmly believes that slavishness to method is one of the major 7 
difficulties, and there is absolutely no reason for conforming to any particular 
‘Jk _ method; for it can be proved easily, if ney Sarat is necessary, that there is smo 


paid on the debt. That is, the sum of the present worths of the payments — 


actually | made, whatever the method or r lack of method, will be the debt, Bc) 
and why should it be anything other than the debt? aw 
Thus, in many cases where life histories are available (including repair r and <f 
overhauling records), it would be possible to adjust carrying charges ‘80 that 


applecart, ” and in the case of the or 
use would be most difficult to predict. In any case, “adjusting entries” might ‘ 
x a be necessary from time to time. “They are used quite freely for other purposes, © 


ui how ever, so why should they not be used for correcting depreciation estimates? 


Chief Justice Charles Evans Hughes on April 30, 1934, in the so-called 


; hoa sie “Broadly speaking, depreciation is the loss, not restored by current 
is are - maintenance, which is due to all the factors causing the ultimate retirement — 
small. of the property. These factors embrace wear and tear, decay, inadequacy 
Aside from the wilful a and intentional ‘misrepresentations by utilities 
through their lawyers and accountants, writers on these subjects have 
contributed their quota, to the existing confusion of thought. One very 
prominent author calls an annuity depreciation payment, “although the 
context indicates “plainly his knowledge that an annuity consists of interest 
and depreciation. He states also that the straight-line method is the most oe 
straightforward (whatever that may mean) but that the diminishing- -balance 
(diminishing- -value | or, Matheson method , to engineers) has the ad- = 
3 e. vantage of simplicity since no complex calculations or elaborate records are 
Recessary. the percentage loss is assumed (which seems probable since he 
a _ gives no method of computing it), this method would still require more com- 
putations than the straight-line method, as both the depreciation and 
Professor Grant, ‘in Example complicates the problem by introducing a 
B3 change i in price level, and the writer does not agree that there is no | “popular’ al 
s _ depreciation. Certainly the $6, 000 received for the property has ess pur- 
chasing power than the 000 paid for ‘it. sala owner would 


off while the property was leased. 
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aus 
at interest while the “accumulation of carrying 
charges is at simple interest.” Of course, there is no “accumulation of carrying 


charges” if interest is paid or for annually, as it should be; further- 
eae ‘more, the amount in the sinking fund is only a small fraction of the debt at a 
= first and reaches the amount of the debt only at the very end of the period. — eee? 
ay Finally, the writer has no patience with those who maintain that there is f 
a conflict between theory and practice, or actualities. Correct theory and 
ES “correct practice support and sustain each other, and one or the other is wrong oe i 
if there is a conflict between them. 
F. Leaeer," Assoc. Am. Soc. C. E., anp Erwin E, Harr,® 
 Esq.—In the practice of engineering, depreciation is not the only subject 
fe to be much misunderstood due to the lack of a clear definition of meaning. It ae 
i _ is among the most important of such matters, however, and one that inevitably me 
will demand an increasing amount attention. The : appearance of this 
a Symposium is therefore to be welcomed, especially since it is intended—in the sa 
of Mr. Scharfi—‘“to * * * make a mew beginning to toward 1 formulating 
a __. The three papers which constitute the Symposium make somewhat unequal — E 
‘ contributions toward the objective set by Mr, Scharff. — _ Although the writers a 
ae agree with m many of the individual statements of Mr. W alls, the general effect om 
ae of his paper is but to confirm the complexity of the subject and the divergent : 
Bes. views that are possible upon so many aspects of it. it will be generally agreed 
- that “depreciation may well be. a _ subject for engineering investigation and © 
4% ‘ careful exercise of judgment. ” The fact that the Symposium is presented by a a 
the Society i is tribute to this view; but it must also be admitted that factors oe - 
ie other than those which can be classed strictly as engineering matters affect me 
to a marked degree. Therefore, although e engineers have a defi- 
nite contribution to make to what may be called “the depreciation problem,” ee 
- theirs i is not the only contribution, as Mr. Walls’ paper would seem to infer. 
The view expressed by Mr. ‘Walls that “depreciation * ibe ‘is accom- 
plished fact” is fundamental. It contrasts somewhat strangely with the sug- =: 
gestion under item (d) that the capacity of enterprises to make provision for +t 


_ depreciation ' will vary. . Since depreciation is ‘an accomplished fact at any one hoe a 


time, the provision for it is not, therefore, connected with the profitability _ ae 

_ the enterprise as a whole. Provision for the latter is, rather, the contingency. — 
har Correspondingly, since depreciation i is a fact, then “statistics” (using this term — 
generally, as does Mr. Walls) will serve as an indication of improvement in 

the art currently taking place, and will be a guide at least to estimates of future _ 


“The v write are in com mplete agreement with the ‘vise expressed by Messrs. 


Crum and Winfrey. © Their only regret is that, due to the lack of interest on ; 
the of the bbe citizen in all financial matters other than 
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“reducing his taxes,” 


tant ‘aspect of public finance, give much encouragement to all win Me at 
heart the interests of good government. One factor only does not appear to 
-Teceive full consideration i in this paper—namely, the fact that there are now, 
ead be expressed wholly i in financial terms. For such cases, some , modifica a- 
tion of general depreciation practice will have to be evolved. 
“a Professor Grant's paper is interesting, provocative, and 1 challenging. 
_ examples are well chosen to illustrate the points he makes and the definitions 
he suggests. If the writers question certain features of his paper, as they 
Bis they wish to preface such ¢ questionings } with th this genuine tt tribute. 
ie syig Professor Grant starts his paper with three explanations of terms in « 
use in relation to depreciation — ‘popular depreciation,’ or decrease i in value; 
enemies depreciation,” or amortized cost; and “ 


in value between the existing old asset ; and a hypothetical r new 


The w writers wish to le that applying the word t 


must be cleared up! before the matter can be brought t to proper basis. The 


s in that both of them are coleulated at the actual time that the purchaser is is 
considering buyin ying the house. ‘There is, therefore, little uncertainty about 
them except in so far as the appraisal depreciation makes a deduction for shorter 
life expectancy, etc. On the other hand, the value given for accounting de- 


“q 
Ka 


preciation was determined on the basis of calculations m nade in the year 1932 
when no one could tell with certainty what the conditions with respect to prop- — 


be calculated with respect t to past time and estimates of doqevilation that have 
be made with respect to future time. bad Sik 


“a It seems to the writers that a fundamental understanding of depobulatici ot 


is obtained by looking at the trend of annual or unit costs which the most 
efficient and modern machine designed for use in some particular field provides, 
. using the lowest attractive interest rate that the class of investment involved — SS 
may direct. In general, two will be observed for most products: 
is, the. am 


ng hi they see little hope of the wide adoption in the near future ie Re — 
he Be. es advocated in this third paper. The appearance of the ie — 
care 
— 
ae — 
hese 
— 
is scarcely a fair procedure. They suggest that in all discussions of deprecia- 
‘ot 
. 
on 
rom year to year, and thus the sum of: Operations (0) + maintenance (M) 


as the first ae 
te (2) The trend of maintenance costs will be upward as as the asset becomes x 


; (a) Due to the declining allowable total T,, there will ee a time when the 


. pod allowable T will equal th the total of O »+ I M, regardless of how slowly M may 
% rise. . At this point the asset will cease e to have value as an s an operating unit 
. because its operating costs are relatively ’ too high, and it thus has become — 
Due t the rising M, there will come a time when } theO + M 
Fs total alone will equal 7’, regardless of how slowly T T may fall . This may be eo 


defined as a statement of the extent of of dilapidation. th 


ae 


4 ‘5 


4 


any f ap or arrangement for estimating either value or deprecia- 4 

_ tion allowances must satisfy the series of figures associated with the two trends — 4 
- (1) and (2) and the two limits associated with (a) and (b). Thisyieldsa basic 
tule that the total of the M +D must i ‘in tal be 


Grant indicates, it may. be possible to arrange a series of 
: to a depreciation account, which would end in establishing the same _ 
capital value as is given by this formula (Eq. 1), and not involve uniform annual © . 

Se be payments, such a series would be extremely | limited as to form and not at all — 
es likely to fit very many cases found in practice. Eq. 1 is thus essentially bound — = é 
up with the idea of equal annual payments. The aforementioned rule thus i 

ig — limits its application to those cases where, for practical purposes, the curve of _ 
foi If Eq. 1 is used with an asset having other than a horizontal, straight-line a 

>. relationship for T, then the totals of T ’ must be averaged, in which case the — 

pie result will be only approximate. . If the curve of T is not horizontal and also- 

z 4 cay ae a straight line, the averaged result may be considerably i in error. The 
latter condition is frequently found. In such a calculation it thus will be 
: essential to determine the curve of M and take an average value of that to 
This average will be open to the same risks as that of T itself. 

Grant has taken M into his value for annual disbursements in 


equal to. sero, or forming a horizontal straight line. is thus not 
eae ‘Table 2 is an example of a case in which a decreasing series for 7 T is required a Ae 
i ‘i. (operating costs, being constant, have been omitted), and in which an irregular aa 
; a trend of maintenance costs is encountered. a It will be noted that this series * 


“Depreciation and Its Influence on Unit Costs,” by E. Hart, undergraduate thesis (unpublished) 
i smoletel to the Faculty of Applied Science and Engineering, Univ. of Toronto, Toronto, Ont., ; 


| 

8 

ie —_ general, this formula would seem to be applicable to those assets having a . Soli 
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TABLE OF MAINTENANCE TREND AND DECREASING 


WABLE Costs: ON ‘THE “Accuracy 0 ‘OF 


intenance Inter 
Depreciation Maintenance Interest 


150 


\Potel 
Annual 
Maintenance deducted 
Re added for interest to the beginning of the year. 
Net cost as of the beginning of the year...........s0ccccccceccccecceceees vee 


(C = 216 X 8.576 =) $1,850 in the former case or (C = 211 X 8.576 =) 


ae $i, (810 i in the latter. b These values are 7. 5% and 9. 5%, respectively, | below the 
actual worth o of the asset. ‘The formula assumes th the former case. It thus 
would seem possible to obtain errors of as much as 10% or more with this — 
3 ig formula. It will be noted that this is an error inherent in the formula, and 
“consequently additional to in 1 the basic data, upon whi which the calcu- 


ations were made. 3 
means of determining the value of many items of property. The object 


this criticism is to indicate that errors are possible, nevertheless. bed ar 


Rozson,™ Esq.— —In the Symposium, the treatment ‘of the 
preciation problem seems concerned mainly with plant and equipment. 
the point of view of the average . realtor who makes depreciation deductions 
from tens of billions of dollars of depreciable improvements on real estate, 
_ there are many other factors to be wei hed i in addition to | those proposed by” 


by 


* it _ Although the writer will not discuss the ‘mathematics of these factors, 
a _ wishes to emphasize the immensely important tax problems involved. — These 
it problems will be greatly accentuated by the 5-yr depreciation program applie 


‘Against Total High ‘Brackets: When Profit or is Ascertained. ite 

3 An important inequity resulting from the present treatment of depreciation 

= depletion reserves in adjusting, annually, the cost or other base of property — 


irst at Bia will support a valuation of $2,000. For n = 12 and i = 6% in Eq. 1, the eee = 
the <3 &: a, capital recovery factor is 8.576. The average annual net total of $216 if inter- ‘at Sia — 
mes ____est is taken on the investment at the beginning of the year, or ifinterest ####§ 
is tak th tment at the b f th $211 if interest 

the — 
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‘these assets, resulting in gain or loss, the total of depreciation or depletion - : 
“reserves theretofore taken is segregated into one sum which brings the taxpayer a 
into a higher bracket than those in which his income put him in the years these vie ' 
‘Teserves were taken. An example used as far hack | 1938 with the 


A taxpayer a plant which he bought for $100, 000; 
(b) The allowed depreciation was 10% per year for ten 


The had no other net income at b of the 


oO At the end of the ten years, the | taxpayer sold the isin for da. 


He would then have an accumulated of $100,000 on 
which the total _taxes—federal and State of California (1938)—would be 
3 $41 950. However, the | total 1 tax savings (and thus the total sum withheld and ; 
~ due the government by 1 reason thereof) would have been $8,500. - That i is al 
he really owes the government by reason of his withdrawal of the allowed or 


allowable annual depreciation from annual The would 


ste thus make a profit of $33,450. 
= Again, if the taxpayer were to pay someone, at the end of the 10-yr iaiedle. 


$100,000 to take the property off his hands, the $100,000 would not auld 


but would actually ben matched by the accumulated depreciation. ond 


case of Kennedy Laundry ‘Company vs. the City of San Francisco 


Pod (Case 46 BTA, No. 9, January 14, 1942) is one of many that. set forth amongst 
other matters the principle as to the adjustment of the cost basis by deprecia- 


tion or depletion allowed or allowable. In substance this principle. may be 
stated as follows (46 BTA No. 9, Section 19.113 (b) (1) 1): 
The cost or other basis of property value to which depreciation or 
depletion i is applicable shall be decreased annually, in addition to all the 
_ ot other deductions, by an amount allowed or allowable due to the exhaustion, 


to which the writer refersherein. = Faron? 
that rule such deductions result in the taxpayer's being in the lower 
brackets when those deductions are made, but when property is disposed of _ : 
a and gain or loss is ascertained, the taxpayer is brought into the upper brackets. 
A ie, ' Thus, whether the taxpayer makes a gain or a loss, the government gains more 
3 Gna many instances excessively 1 more) than it is entitled to gain. d jv xanafednis ig 
eo _ This entire doctrine that cost or the adjusted basis shall be reduced annually 
Ai aR by the allowable or allowed withdrawals from net income of depreciation < or 
depletion reserves is based on both a mistaken business theory and a mistaken i; 


a business standpoint, the cost ‘Price or sales Price | of 
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could show, to that time, as belonging tohim, yntiqolay ah, to. 


writer therefore ‘suggests, as a means of correcting the inequity herein 
forth, that the taxpayer’ books should be set up as follows: 


“should be set up what might be denominated a “‘suspended reserves’ 
Inte this account would be entered the difference between the amount the _ 
in income taxes and the amount he should had no 


annual adjusted by charges them for repairs and 
os (not. maintenance or upkeep, which goes | to operating costs, and additions or 
ben betterments which go to capital costs), a added together. would constitute the 
_ sum of money due the government. The difference between the base of the 
ate cost of the property plus or less other proper adjustments (not depreciation or 
ba depletion deductions) and the selling price is a profit or a loss in that trans: 
995 This is an entirely different transaction from the setting up of annual re- . oo 


serves and the of or final the government 


or mixed up in any way with the gains to the he government w which would be set e 2 

_ The writer considers that “obsolescence” is probably the proper term for the Ae 
“continuous. process, and “obsoleteness’” for its its completion. ‘The Bureau au of 
Revenue, U.S. Treasury Department, defines obsolescence as: 


y progress of the arts; fan decades ing mMib awd: 


for 2399, add Ye 

Of these factors, Item (8) i is vastly the ‘most important. _ The write ter knows 
of no all-embracing rule that ¢ can be formulated to treat it, either for equip- — 


A. Wat M. Am. C. E- .—The numerous discussions of 


subject. The writer does not believe that this 
results from a confusion | of thought, as is suggested by several contributors 


but thinks rather that it represents a basic difference as to the concept of the 
- field covered by the general use of the unqualified term, “depreciation.” The 
several contributions to the discussion can be | classified generally into those © 


favoring the concept of which enters into the determination ‘of 
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will be chen: such an agreement bee been reached. 
much of the discussion was not limited to the scope of the Symposium but was 
directed more toward methods and details of a yet undefined problem. 
necessity, the following comments will deal largely with the ‘subject matter of 
a the discussions rather than with the original scope of the Symposium. _ mitae i 
i) The writer agrees that, if the amortization of cost is made on an arbitrary 4 
age-life basis, the result of that process should be carefully distinguished from 
BAe, _ depreciation actually existing. Perhaps the term ‘ ‘amortized cost,’ "suggested 
by several contributors, would be an appropriate clarifying distinction. Un- 
happily, those who are concerned with the affairs of regulated enterprises" are. by 
helped but little by the mere drawing of a distinction between different con- 
j cepts of depreciation. As a general proposition, the writer does not agree ang 


progress of loss of value. VOR id cules ity Yao mi dil beled 


Sekt It has appeared to the writer that the valuation concept of depreciation is — 


Ei ae course, those who contended that the valuation concept of depreciation should Be, ‘ 


0 ntain the effects of physical causes only. — Others have urged that t it should — ae 


4 generally well understood by students of valuation. There have been, of Be 


gontain the effect of intangible causes as well—that i is, obsolescence, require-_ 


Py ment cf public authority, inadequacy, etc. The writer believes that these 


& two different ‘scopes of the valuation concept of depreciation are purely a 4 


- matter of the basis for reproduction costs to which they are to be related. . 
_ Either may be proper if logically applied to estimates of reproduction cost on 


= appropriate bases—that i t is, cost: of a modern substitute or cost to reproduce a _ a 


ae new replica. “In both cases, the obsolescence resulting from. the availability — 
an = modern facilities will be correctly reflected if the facts are properly treated. bart 


Sane ss ag . gy in the treatment of amortized cost, he believes that the rate 
ne of amortization, in the case of regulated industries, should be in harmony with | es i 
or those se forces” which _ bring about a reduction in usefulness of property. The ra 
= importance of the use to which the results of an amortization might be applied A 
ey, in the future is so great that it should not be based upon fragmentary and © a 
_ immature statistics that are now and, for an indefinite time, will be the only — * 
statistics available for most ‘classes: of property. There is every reason to 
believe that depreciation created by any f Process of amor- 


‘ problem cannot be expected until there is agreement as to 
i. a and scope of what ultimately will be called “depreciation” or, for tha oe 
fe 
on any arbitrary age-life basis. Poe 
that the amor of cost should J f an ve-life method for 
At the same time, he does not disagree with the use of an age- 
— 
$ 
J 
— 


= tate of such amortization be controlled by realistic serender rte of the | 
effect « of all those forces es which justify the amortization. 
iin several instances, the general use of the : age-life theory in the treatment. 
_of depreciation, as well as in cost amortization, was urged because of its alleged 
ne _ In this connection, the writer wishes to point out that the end of 
usefulness | of plant facilities (abandonment) is not determined by : any ‘such — 
superficial theory. Therefore, he sees no justification for predicating earnings : 
upon such a basis during the period of usefulness of the facilities. One sugges 
ion offered w was that the simpler age-life m ethod should be used i in . order that 


= because he doubts that there is any lack lack of understanding of the problem 


: 


a siders that a single item of property, having a single estimated life, could have 
almost numberless different amounts of ‘ “depreciation” ‘merely by the applica-— 
tion of different theories. Furthermore, the results will vary over a wide 
range. This variation is particularly striking in the difference between the sf 
_ straight-line and compound-interest or sinking- fund methods of computation. — 
_ There are some classes of property, including a minor part of the property 
_ of electric utilities, which are reasonably susceptible of statistical treatment. 
aaa Almost without exception, the lives of these classes of property are determined 
a : o physical causes. The writer has no intention of dissuading any one from 
the proper use of statistics where they afford a reasonably reliable measure of oes 
the reduction of usefulness. However, as ‘stated i in the discussion, a study 
made of a large volume of utility property retirements showed that less than 
3 20% of these retirements were due to the effects of physical causes. Since — 
A a not even 20% of utility property is susceptible of statistical treatment, the 
inescapable: conclusion is that such treatment can offer no proper solution to 
The same analysis showed that more than 80% of utility property retire- 
_ ments have been due ‘primarily to non-physical cau ises—that i is, , obsolescence, — 


; very large proportion of these retirements was dua primarily to obsolescence. x 
_ Much utility property is long-lived and, as a consequence, the property already’ : 
3 retired would be, predominantly, that installed during the infancy of the ae 
Se industry before any substantial development in the art had taken place. For 
- this reason alone, the life of such property can be no reliable guide to to the life 
re 
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relates its incidence to the passage of time. However, entirely aside from this 
or- i  § fact, there are other important reasons why statistical treatment of this form 22 a Jhae 
he depreciation cannot be reliable. Statistical or actuarial treatment of 


at pet a reasonably predictable repetition of forces or influences acting upon them. e, 

“ an In the case of the far grea ater proportion of seep utility ‘property, neither of a 


P ; that if any statistical approach were found to soinélile reasonably: with facts, 
results would be conditioned by coincidence only, rather than by the the logic 
‘or soundness of the methodsused. 
boda _ The writer does not agree with the unqualified suggestion that depreciation 4 
from physical causes more susceptible of technical measurements than 
depreciation from functional causes (obsolescence, inadequacy, ete.). Itseems 4 
_ clearly evident that these intangible causes of depreciation, in a broad, general - 
sense, are closely related to growth, scientific development, and even to changes 4 
ee = of price level. No one can question that the ultimate effects of such forces are 2 
rs, se susceptible of technical determinations. In fact, such determinations are ‘eon- ; 
tinually made in connection of property. Therefore, it ¥ 


conclusive that the effect of these causes must also be susceptible of 
‘The sense of certain discussions conveys the impression that utility com- cn 3 
panies are suspected | of being reluctant to make adequate provision for de- ae 
_-preciation; but the writer does not believe such a suspicion accords with the re 
The management of any enterprise, regulated or unregulated, will not | 
continue long unless it exercises due discretion i in the protection of the interests a 
investors. Indeed, it is the writer's impression that many utility « companies 
ae have been widely suspected of having protected the investors’ interests on an i 
_ overgenerous scale in the past. Even i in regard to the provision for deprecia- 
tion, several state regulatory a agencies, in the past, have fixed arbitrary limits ye 
above which depreciation reserves could not be maintained by public utilities. 
The writer | disagrees with those who profess t to believe that a public utility : 
enterprise is entitled to no more than a rate of return allegedly established “ ae 
4 fair in the ‘market place,’’ applied to original cash investment, less almost any B 
‘= kind of ® deduction that may be made in the name of depreciation. Such a 


sn in the writer’ 8 opinion, does not afford a 4 reasonable chance for s survival 
were limited to thd basis of earnings as advotated 
problem of depreciation in regulated enterprises cannot be isolated 
from the effects of competitive forces in the general economic structure. — Every 
one i is aware that the economic system of free enterprise functions on the basis _ 
a fair return on fair value. Transactions in the “market place’ maintain 


this basis beyond any present means of ‘effective artificial control. Since the 


* 
ay public utility industry is a part of this economic structure, it is obvious that it 


able to attract either required or r competent. ox 
cannot expect to survive as a private enterprise. a 
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a interest in it; “the dveailter of the discussion serves to ro—nstire many ‘of the 
points of controversy that exist. a The writer wishes to ‘express: appreciati 


basic p point of controversy relates to definitions and fundamental 
oe cepts. Because of Dean Marston’s distinguished contributions to the field of 
_ valuation, it seems particularly important to comment at length on his dis 
; BS cussion of these matters, including also his definitions quoted in the origina 
paper: ‘by Messrs. Crum and Winfrey. Dean Marston states that * * in 


i “spective future services which the asset will render to. the This 
2 statement considers only the demand side of the determination of market 

_ price—that is, the | estimates by prospective purchasers of the amounts they _ 
they c can afford to pay y for the supply side. 


e of the prices at which they can afford to sell constitute the supply side of the 
market. vf Each possible buyer f for any type o of asset will have his own valuation — 
of the present \ worth of its prospective future services, depending on the use he 

ce proposes to make of ite The composite of these estimates constitutes the de- e 


cost of together , and, if buyers’ estimates, based on 
great diversity of anticipated uses, are far apart, the market price will be — 
_ influenced. more by cost of production than by present worth of prospective 
~ pe Thus Dean Marston’s statement about determination of market value bie 
somewhat misleading. It is not in market value, but rather in determinations — 
of value to the owner that present worth of prospective net money receipts — 
~ Jogically plays the major réle. If practicable, this should be the basis of all” 3 
_ determinations of value to the owner. A leased fee in a parcel of improved real ee 
estate, an oil well, and a motion ‘Hyder’ items (a), (d), and 


tive receipts which are attributable to of this 


| of substitution. If an owner were deprived of the services of an existing old oe 
oy asset, he presumably could substitute a new one for it. This fact generally ms 


8 Prof. of Economics of Eng., Stanford Univ., of Civ. Eng., Stanford Univ.,Calif§ = 
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ery | _ estimating value to the owner of individual assets or groups of assets which are 2 a 

it ‘As clearly pointed out by Bonbright,*’ the releva: 
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hence the 
an for measurement ‘of the value-inferiority of the existing old ansot to the | 
‘Dean Marston states that he is unable to agree with the writer “that it a 

2 would be feasible, or or desirable, or even en correct, to substitute wise retirement 
 nrtdinaintinn for the present well-tried and established methods of making a 
ae valuations of industrial properties.” The writer recognizes that ay 


Ea the appraisal of industrial properties is an art in which the appraiser must 
weigh all of the relevant evidence. He doeg insist that, where replacement cost — 
is considered to be part of this evidence, the principle of substitution implies — 
that this should be ti the cost of the most appropriate substitute asset. - Some-— 
times well-tried and established methods may be based on false reasoning. 
a This is true of those common reproduction-cost appraisal methods which give ans 
major weight to the © cost of a new substitute asset identical in design | to the oa 
existing old asset, regardless of. the obsolescence of this old asset or its cunsuit-— om : 
2 ableness to the prospective service required of it. In describing his custom of 4 


cae 


securing part of the evidence necessary to the value-inferiority 
existing old assets to the most economical new substitute assets. 
th As Mr. Hyder states, the Bonbright classification of depreciation « concepts 4 
applies to regulated industry and public works just as it applies to competitive 
The writer cannot emphasize too strongly his view that a recognition 


ao oof these concepts and their relationships to one another is a starting point for ag 
any clear thinking about depreciation. This view is well reinforced by the 
excellent comments of Messrs. Smith and Ripley. A contrasting view, voiced © aa 
_ by Dean Agg and others, is that there is “one true figure o on depreciation” and 
that all other figures are necessarily false. This is really an argument whether. 
; ae word should be used in several meanings or in only one meaning. = | Ge 
_ of the word “depreciation” be limited to the popular s sense of decrease in value. _ 
_ This would require the substitution of some other word or phrase for the 
= and appraisal concepts of depreciation. In somewhat similar vein, 
_ Mr. Atwood su suggests that accounting depreciation always should be designated © 4 
s as “amortized cost,” and Mr. Walker states “there is much in favor of a stand- . 


ee ardization of the term ‘depreciation’ to mean one thing and one thing er 


ae. use the word “depreciation” would agree to follow these suggestions, there is no : 


, a practical possibility of securing such agreement. The word has been used by o: 
accountants, the courts, regulatory bodies, tax authorities, and the 


= ‘ 


: Rcd world in general with these different meanings for so long that : any attempt 
‘ rate by engineers to persuade every one else to standardize terminology would be — 
futile. What is necessary is to face the fact that “depreciation” —like ‘many 
other words i in the language—is_ a word which has acquired several n meanings 

through usage, and itis likely tokeep them. 
a es It follows that an attempt to write a multi-purpose definition somehow em- 


Farwell attempts to settle this question by his suggestion that the usage 


oes 
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Feoleieon Morrison and Mr. Kosh i in criticism of this definition ‘are well taken 

363 Depreciation definitions should relate to a particular usage. For instance, 
‘2 oe a definition quoted in a classification of accounts (such as the New York Public 
a Service Commission definition quoted by Mr. Kosh from the “Uniform System | 


of Accounts for Electric Corporations”) should be interpreted as s saying “For 


“mean, ” Such a definition may be judged to its for the 

die: writer emphasized three of the four depreciation concepts and gave Ys 
-_ brief mention to a fourth concept, ‘ ‘impaired serviceableness.” In ee 
-Testatement of the three concepts emphasized, Mr. Ryan appears to have left 

_ intact the popular and accounting concepts but to have climinated the ap appraisa 

~ concept. In its place, he has placed ienpaired serviceableness as the ‘‘engi 


: aay Unquestionably “impaired serviceableness” i is one of the meanings which 
the word “depreciation” has acquired through usage. . The writer regretfully 


concedes that engineers | have been largely responsible for this igre 0 


. advise the elimination of all but o one “ the meanings, or one may advise a ne 
the position that the former course is imncgutieatile, and he, therefore, advocates 
re - the latter course. _ However, if the writer thought it were possible to eliminate 


a one of the n meanings of deprediation, his first choice for elimination would be 


this “engineering concept,” impaired ‘serviceableness. Engineers too often 


have misused it in valuation testimony. Statements have been all too commo! 
> to the effect that because an old property has. only 2% impairment of service 

ableness, it is 98% as valuable as ever, _or—even worse—that it is 98% as : 


¢: se It is unfortunate that some > engineers | have concentrated their attention on 


pectancy and the availability of alternatives. Or 

bv Mr. Mott’ s interesting discussion emphasizes the relationship of the ap- 
‘praisal function to the various depreciation co concepts. Depreciation in the 
_ popular sense may be the end product of two appraisals, as it requires a valua- — 
tion of a property on two different dates. As Mr. _ Mott t points out, the need 


the appraiser’ 8 services usually arises from the ; absence of a satisfactory 


He should be however, by understand- 
ion i gically the 
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ifference the values of two assets: A hypothetical new replacement 
te asset and an actual old asset at one date—the date of the appraisal—ra ther 
than the difference between the past and present v: values of one asset. 
_ Mr. Goldthwaite warns against ‘‘tying up the replacement problem directly — 
Figg with the depreciation problem” on the ground, which he clearly illustrates, 
ae that the decrease in value of an asset is in no way influenced by whether, « om. 3 
retirement, it is or is not to be replaced. In this connection it should be noted — FY 
i that the depreciation sagt problem i is not necessarily tied up even with 


quirements, ai an old asset ‘asvutned to have perpetual life might well have value- 
%. 3: Fg inferiority to the most economical new substitute asset. This depreciation i in at 
uy the appraisal sense might be reflected in depreciation in the popular sense which — 


oi ould make it sound policy to have the amortized part of the cost of the asset a 


pry relative to appraisal depreciation. In his statement of 
tion corresponding to his equalized annual costs, Professor Barnes presents — ea 
results that can be obtained by application of the writer’s Example 4, given : ; 
certain assumptions ‘regarding the most. economical substitute asset. 
SS fessor Legget and Mr. Hart, in Table 2, seem to be attempting something similar — a: 
Professor Barnes, but somehow have missed the point. 
Barnes’ statement of yearly “write-off” for equalized an annual 
costs can be used to determine the book value of his asset at each age: oaivha | “a 


‘These equalized, book will to the ‘ to 
pine owner” of the old asset which would permit him to realize the same ansuel 


: repeat the cost experiences of the old one. This is true at all ages, and may be a 
illustrated by the calculations to be when the asset is 3 old. 
To equate annual costs for old a 
the ‘equivalent uniform annual atone cost over the life of the asset, 
Be over the remaining life of the old asset.** The present worth of the repair — 
costs for the new asset is $2,100 (0.9346) + $1,000 (0.8734) + $3,330 (0. 8163) — a 
$3,570 (0.7629) $4,000 (0.7130) + $4,800 (0. 6663) = $14,328. This is” 
equivalent to a uniform annual series of $14,328 (0.20980) = $3,006. ‘The 
present worth of the repair costs for the remaining 3 years of life of the old a 


es Appraisal calculations involving variable annual disbursements are ihastreted at greater le 
Depreciation in Agere of Manufacturing Equipment,” by Jr. and 
Grant. Transactions, A duly, 1942, Vol. Pp. 509- 
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is to a series of $10, 748 (0. 38105) = $4, 006. 
Let a = the value of the old asset to “break even.” Equate annual costs — 
for the old and new assets as follows: Be — $400)(0. 38105) + $400 (0.07) 
$4,096 = ($10, 000 — $400)(0.20980) . $400 (0.07) + ‘$3,006 = $5,048. 


higher prospective annual re repair costs of the old asset. It has not 
the possibility of improved alternatives. For instance, if the new asset 
still may be purchased for $10 000, but is improved to the extent of having 


its ow mer, in 1 light of the principle of hose 
a, It may be noted from inspection of Table 1, presented by Professor Barnes, _ 
_ the retirement of this type of asset at the age of 6 years is presumably not a RAS : 

matter of collapse like the ‘ ‘one-hoss 1 shay” at this s age, | , but: rather a matter of & 


~ equivalent annual cost over the prospective life of a new aseet i is $5,048. If the 1 
of prospective ‘seventh year repair costs, interest on salvage valué, a and 
_ prospective decline in salvage value in the seventh year is greater than $5,048, 
me and, if this sum appears likely to continue to increase in subsequent years, it 

pays to replace at the end of the sixth year. The trend of repair 
costs | in Table 1 indicates that these alone are likely to be considerably . more 
than $5,048 during the seventh year oflife. 
; In contrast to this, Professor Legget and Mr. Hart appear to have chosen 
is 4 “one-hoss | shay” for ‘their illustration in- Table 2; at least, it is evident that 
the trend of maintenance costs does not appear to justify replacement in the 
twelfth year. Equivalent annual maintenance cost (calculated in the manner 
illustrated. in the writer’s comment on Professor Barnes’ example) is. $159. 
- Total annual costs over a 12-yr period (assuming no salvage value at the end) 
“are $159 + $2,000 (0. 11928) = $398. Unless maintenance costs are expected — 


e° and thereafter, it will not. pay to replace with an, asset which i is s expected tc 
‘Tepeat the cost experience of the old one. as: 10 
‘The writer sees no reason for the assumption by Professor ‘Legget and M 
‘Hart that “the | price obtainable for the | product will decline continuously.” 
a It might just as well be true that this price would increase or remain constant 
i oe or vary in an irregular manner. Unless the quality of a product i is influenced _ 
ie _by the age. of the machines which produce it, there is no reason to believe that 
: eS oo: price will be influenced in one way or the other by the age of the machine. — > 
_ The difficulties which Professor Legget and Mr. Hart experience with 
_ Table 2 arise from an error frequently observed in compound interest calcula- 
x = tions. This error is the failure to make all conversions from one year toanother 
-: the use of the appropriate compound interest: factor corresponding to the 
_ given interest rate, which in this case is 6%. . By this ‘error one may seem to 
prove that two equals o one or get similar results much more disquieting than 
Professor Legget. and Mr. Hart’s demonstration that $2, seems to equal 
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occurring over a series of as if this average were a uniform annual 
ey payment is, in effect, an equivalence conversion at 0% interest. The associa- 
tion of this with an equivalence conversion at 6% i interest ‘is certain to lead to 

om In any case, the writer does not understand how Table 2 has : any bearing on 
the validity of Eq. 1 which is conventional and unimpeachable compound 
= re’ _ interest mathematics. He wishes to reiterate his original point that Eq. 1 
is merely an equivalence calculation to facilitate @ comparison of regular 
a : series. It converts certain elements of the time series (the dis- — ca 
bursement of ‘first cost at one date and the receipt of salvage value at a later 
date) to an equivalent uniform annual series. Other irregular items in the 
ee a series may need similar conversions, as was illustrated in the foregoing dis- 


tet Comments on the income tax aspects s of depreciation a are made by Messrs. 
~ ae Wendt and Fleming, Professor Norton, and Mr. Robson. As pointed out by | 
Ee aa Professor Norton, this subject has acquired increased importance with the 
Ra The income tax view of depreciation is the accounting view; that is, that — 
7S the first cost of an asset (or more correctly the difference between the first cost — : 
_ and the prospective salvage value) is a a prepaid le expense tc to be pro- 


on expense prorated against any year reduces taxable income for that year. _ 
ue If any one such expense is considered apart from all other expenses, it appears 
he to reduce income applied to the highest bracket (or brackets) paid by the tax- ax- 
a 4 When replacement ii is made of an asset, such as the piece of real estate wed 
ce mek Mr. Robson’s ‘example, which is not treated for tax purposes as a a member of a : 
E a a _ group, the unamortized part of the cost is likely to be different from the price 
Bh Be BS received for the asset. This difference is an increase or decrease in the taxable 
q pe income of the year in which the retirement takes place. As shown by Messrs. a 
Wendt and Fleming, this also applies to the retirement of the final unit of 
4 _ group written off under the group method. Considered by itself, this addition 4 aaa’ 
or deduction from taxable income applies to the highest b bracket (or 
4 


_ Each year has a new revenue act with possible new tax rates for r individuals 
gt 4 and corporations. _ Moreover, even if there were no changes i in tax rates, the — 


= 


- income of an individual or corporation varies from ye year to year; in some years rs 


_ it will reach higher tax brackets than others. As stated by Mr. Robson, the — aq 
‘fr of an asset may i itself make & great change i in the highest bracket — 


Keg year for income tax purposes would ‘not be quite s so troublesome as it | is. rite In 
this situation, | only the time of tax | payments, ‘and not their total amount ‘& 
Actually, with any specified variation of tax Tates and maximum feuiet 
s tax life of a group of assets will depend o 


= 
Py. 
age a 
a 
vere, 
as 
ek rated among the years OI lile in some systematic Manner. “ach such deprecia- we 


tion may in 1 great diflerencesi in total tax | payments. Professo 

- Norton so clearly explains, one aspect of this situation is the influence of legisla- x 

x tion and Treasury Department policy regarding depreciation on private de- a ; 
; . cisions as to plant expansion and retirements. — Another aspect, illustrated by 
. a Mr. Robson’ s example, is the question of fair treatment of taxpayers. Lae 


indeterminate. It should be remarked that the reason for this 
_indeterminateness of depreciation accounting is not always too clearly under- : 
Zz stood. It is not primarily (as som some discussions seem to > imply) because of the 
difficulty of estimating the prospective life of ‘assets; it in fact, as Mr. Benson 80 M 
ae effectively shows, mortality studies of many groups of assets disclose a sur- 
oe ee prising stability « of average | realized lives within each h group, despite the variety 


of causes motivating g retirements. 


The basic trouble is that, given a . life, first cost, and salvage value, there is" 
‘no one Tight method for distributing the diferente between the first cost and 
salvage value ¢ among the years of life. In the literature of depreciation, many 


different criteria are advocated for judging the different ways of doing this. | = 


the Symposium, the writer suggested as one appropriate cri criterion that 
Pe: = depreciated book values in the accounts should not exceed value to the owner 
_ determined from the cost of the most economical substitute asset minus the a ey 


$ _Value-inferiority of the existing old asset. Another criterion, frequently men- 
a tioned in the literature of depreciation accounting, is “suggested by Professor 


in the interest on de book b 


Professor Legget and Mr. Hart ‘wage! that this sum preferably should 


earnings as his suggested criterion. a leased fee in a parcel 
a of improved real ontatny, (d) an oil well, and (e) a motion picture, and second- — Bae 
hand market value as his suggested criterion for (c) an automobile. Mr. 
Ww orley seems to advocate | loss of service units” as the reasonable criterion. 
These and other criteria recommended for evaluating systems of apportioning 
_ depreciation charges among years of life could be applied in any set of mgr ser® 


- stances both to predetermined systems such as straight line, sinking - fund, a 


fixed percentage of diminishing balance, and 60-months amortization 
<< length of life, and to irregular systems based on periodic appraisals or other — 
considerations. Nevertheless, the fact remains that it is ‘impossible to state 
;: system is right and ‘another w wrong; one merely may say that they 
_ correspond well or badly to various criteria which may be established as a 
_ basis for their comparison and the respective merits of which are debatable. — we 
This paradox—that, although there is no one correct method of depreciation 


counting for any given asset, different methods may involve e difference _ 
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“consideration! of the dade by Professor. Norton, namely the 

a a, Be probable influence on private decisions as to plant expansion and replacement. Sy 
As this influence was negligible until recent years for all but a few individual 
g _ taxpayers in the high income brackets, it is really a new consideration to enter 


fei investment, a mainspring of the economic system, it is an important matter for 
the the postwar years. — The writer knows of no adequate study of it which has been — a 
made. statements might serve as a for’ 


Those ta 


Whenever the maximum taxpayer likely to be 
Scere pet dh in the next few years is very high, he cannot hope to “break even” on ng 
ees the purchase of assets that have a high prospective rate of decline in value to ae 
a the ow yner and ¢ a ‘much lower depreciation rate permissible in tax returns. As » 
- Professor Norton _ States, many corporation executives have not been fully Fs 
_ conscious of this fact. It seems probable that, after they have had the ex- 4 
- perience « of some years of | very high tax rates during the war, , it will | have be- 


come , much clearer to them as it affects decisions to be made in the immediate By 


# 

"brackets, which acquired plant under the 60-months-amortization provision, inc 


may turn out to have done at a small net cost to them, This has the 


7 of altering the competitive positions of various producers in some 


This Symposium se serves as san excellent illustration of Mr. Flagg’s statement _ 


V Ez that ‘ ‘the nature of the contact an individual has with any subject is certain to ae 


views and conclusions” which he so happily illuminates with 
i Mr. Saxe’s poem. . This applies not only to the different aspects ¢ of the subject 


oq presented by the thirty discussers but also to the apparent diversity of oa , 


- ings which some of them apply without qualification to various terms. 
ee _ Throughout this closure, the writer has tried to relate his comments to ‘this ~ 
een important n matter of clarification of terminology by illustrating i in various ways — 
the need of a. clear the at 


xm tax policy. Dealing as it does with the motivation of private capital — = 
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rates which will enter into such calculations will be prospective 
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ENERGY LOSS AT. THE 


DIscUSsION BY ‘Messrs. Mexnirt P. Waits, , Boris A. BAKHMETEFF AND 


_N, yz. . Fzovororr, C Cart E. KInpsvaTEr, J. E. L STANDISH 
Hats, Hunter Rouse, AND Waurer L. Moore bax 


Synopsis» 


be of value to designers of hydraulic 
laboratory measurements showed that the energy losses at the base 


ydraulic design. Thee 1 measured energy losses were applied i in the develop- 
ment of : a tational formula for calculating the height of the jump below. a fall. 


A jump and ¢ on the effect | of ‘submergence of the _jump on energy dissipation. = 
The | presence ‘of standing, water behind the fall is exp lained, and its height i is 


Z ‘used only after the more common and much cheaper analytical design 
, _ methods, which are based on experience, research, and analysis, have been F 
investigated and con The extension of the common design 


= the use of models will come, along with an appreciable saving of time ond e ; 
expense, when the proper fundamental information is made available. The 
_ use of the analytical methods that have a sound basis not only saves the cost: 

a fe of the model studies but, in general, results in more reliable designs. sa ae 

be The | experimental study reported herein was made at the Cooperative 
* _ Laboratory of the Soil Conservation Service, U. 8. Department of Agriculture, 

- and the California Institute of Technology as part of a general program, the | if 
in November, 1941, Proceedings, 


Senior Structural Research Engr., Lockheed Aircraft Corp., Burbank, Calif. (formerly Junior Engr 
SCS Laboratory, California Inst. of Technology, Pasadena, Calif), oi? 
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_ objective of which is to » supply the. engineer with basic information that can be — 
applied in the design of hydraulic structures. Since the -overfall is used 
frequently in soil conservation work, it was selected for study. ‘Stress has at 
* a been laid upon energy loss or energy dissipation not only because it is of i im- 
se -_- portance in itself, but also because it can be used i in calculating the flow charac- 2 
teristics, which determine the design. The results are of special 
_ interest to technicians concerned with the preerisi of small dams used in gully 
- control work, as well as to engineers decling with other hydraulic structures a 
where the overfall is used to dissipateenergy. 
‘This investigation w was conducted by the usual experimental which 


combines physical measurements with analysis. _ It was decided to study first 
a structure that had been simplified as much as possible in the conviction that . 
oe the simple structure must be thoroughly understood before a more complicated — 


one can be studied intelligently. Following this ‘method the complications — a 
= introduced by side contractions and expansions were eliminated in an effort 
_ to approach the condition of two-dimensional flow. Likewise, the effects of — 
ills and were notincludedinthestudy. j§| 
bax 


a A free 
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of lat 
of plate gl 


3 0.001 ft on either a water or mercury-filled manometer, which made it naar 
ar to set the rate of flow to within 1% from 0.15 cu ft per sec to 1.85 cu ft oe 


The disturbance caused | as the e 8-in. | 


4 
id 
les were c lling jet w d direct o 
be whic ischarge ed in th 


was stilled by passing the ft wall of loowely 
1 }-in. rock. From the tranquil: forebay a transition Ele the flow 


dine of the. lower channel a brass ate with: forty | piezometer openings was 
iy: installed in order to investigate ‘the longitudinal variation of the bottom — 
pressure. The depth of tailwater i in the downstream | channel was controlled Lo 


ey) by the v wicket-type tail gate shown in Fig. = us This gate, which caused minimum : 


" _ disturbance to the flow pattern upstream, was located 11 ft from the fall and © 


rs, 3 ft downstream from the last section at which measurements were taken. ane 


‘the depth of flow would permit, velocities were measured with 


* eae Prandtl pitot-static tube that had a coefficient of 1.00 (Fig. 4(A)). 
In order to determine velocities in shallow flows, a hypodermic needle was Pind :; 
‘used to measure the total head (Fig. 4(B)) and a piezometer was used to obtain ee 
the static head. By using hypodermic needles of three sizes (16, 18, and | 19, 
Birmingham wire gage) the diameter of the measuring tube was kept within’ — 

one tenth of the depth of flow. In ‘Tegions 1 _where the bottom -piezometer 

2 oot not be relied upon for the static pressure, measurements were made with Ren 

hypodermic needle closed the end and drilled static holes according: 


rac- <a ere determined to 
alon rails ab pon an instru 
uly ove the ch ntl 
shove, the channel. On the c 
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‘wtentedhs toa detailed investigation of a two-dimensional drop ¢ and allowed 
‘particular attention to be given to the energy | losses involved. doer, le Fi lig 


assembled for reference in the 


ery little study has given to the a free verfall a 
flat bottom. Boris A. Bakhmeteff,* M. Am. Soc. C. E., has shown that the 
energy eqe tion a may be be ‘applied to det to determine the flow conditions at the he toe of 


a downstream depth, dy 


unaffested by 


the chanel at t super- 

hydrostatic pressure 
the energy head Eo at upper 
devel is 


Ki is the height of the fall. T at as 
in which is a velocity coefficient, g dy is. 
of Channels,” by Boris A. Bakhmeteff, McGraw-Hill Co., Inc., 1932, p. 295. 
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heed 2 29. ht dy 
Introducing the continuity relation, Vi dy = mde Vg de, and rearranging Eq. a 


the ratio = describes the flow conditions at the base of the fall, and = 


represents the relative ‘height fall. ‘Professor Bakhmeteff states that the 
& coefficient @ may be taken equal { to unity, which means there is no loss up to 
section 1-1, Fig. 5. P. M. Bobin,* who uses & similar ‘method of attack, makes — 
= 
statement as to the correct, value of ¢, but in one example uses a 
@ = 0.95 - So far as the writer knows, an experimental determination of the 
energy loss in a free overfall has not been made previously. — Le ‘Since the flow a 
characteristics in the remainder of the ‘structure a are dependent upon the e energy — 
— loss at the base of the fall, the first aim of this investigation was to determine 
_ this loss and thus make it possible to calculate the vertical elements of 
simple two-dimensional drop structure. j= 


Flow ConpITIONS witH SHooTine TaILWATER 
Ww hen there wes shooting flow in the lower channel, the energy loss at the 
base of the fall could be most ea: easily investigated because: area being 
was unaffected by downstream disturbances, = 
Energy | Loss at Base of Fall. ~—When these studies were it was felt 


that the energy ry content in the lower channel could be determined by a 
the value of d, and applying therelation 


n which q is discharge per foot of width. ¢ tt should be noted that Ey is very 
sensitive to changes in the value of d;. ~ Obviously, then, the accurate measure-— 
“ment of di was essential, but the presence of heavy spray near the base of the 

; high falls, , exceeded 25%. Furthermore, ‘Eq. Bi is based upon the assumption 
of uniform velocity.. When an investigation revealed that the velocity pepale 
__ below the fall was not uniform ar and, consequently, that the basic assumption — 


was not valid under, the existing « circ imstances, this approach to the problem 


eine ™ 


It was found ‘necessary to evaluate the velocity energy directly by taking 
velocity | measurements in the thin sheet of water shooting away from the toe 


4“"The Des 
Vol. 


of Stilling Basins,” by P, M. Bobin, Transactions, Scientific Research Inst. of Hydro- 
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of the fall. This was accomplished by v using a hypodermic to obtain the 

— total head us bottom piezometers to determine the static head. For points — 
not located on the center line over | the piezometers, an adjustment based on 
the transverse variation of depth was made in the static head reading. For 
= Ed each of three stations in the downstream channel, velocity profiles were taken — 
at the lateral odd tenth- and plots were emade showing values « of velocity, 
and velocity cubed, V*. The velocity ex energy ‘at each station was computed 
from the summation, which gives the average k kinetic energy per $e 
wARE pound of fluid Slowing across the section. Measurements also were taken of 


eS the su surface elevation a as given by t the point gage, and the bottom pressure as 


eloct' 


Distance from Fail, in Feet 


SURFACE AND VELOCITY CROSS SECTIONS 


=: 


ht in Feet 


e 
PRESSURE ‘MEASUREMENTS Bottom Pressure, in Ft 


erg 


H 


| in Ft per Sec 


nay Distance from Fall, in Feet 
“Fe. 6. PLor oF Sunrace Pr OFILE, PRESSURE, ‘Vevociry 
3 


 @averse: hy, = venturi meter reading = 0. 42 in. of mercury; Q = 1.218 cu ft 
sec; d, = 0. .380 ft; dy = 0. 272 ft; d= 0. 152, ft at 5. 0 ft from the fall; 


“S ’ of 1.5 ft covering a range of — from 3. 0 to 14. 1.6. ‘The: value | of d varied from | 
» 


ft to 0.108 f he fall height was then decreased to 0.5 ft, and five runs 


were made that covered a range of ratios — from. 1.0 to “4.85. 85. (A minimum 


the range where viscosity 


yr 
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the fall, negligible effects” are to be expected, ‘and the resu 
applied to actual field cases without modification.) _ The energy at the 
€ am. of the fall was taken as the sum of the integrated velocity energy | and the 


average depth of flow at the section. values of re 
against in curve (2), Fig. In order to. compare the, 
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ue 


Lg 


Fie. aT THE Base or THE Pau. 


‘The difference between these two curves Tepresents the energy loss di 
by the critical depth, To show more ge the effect of = on the 


Tate, of energy loss, Fig. was in the energy loss i is = 


thirds of the energy by the fall may be dissipated as the jet 
strikes the flat es for a small vale of oe (say 1.5) only one fifth of th 
energy is dissipated. With a ‘Given discharge and fall height, more effective 


surf tension exert apprecia bod noture of the he 
ints, 
| on — 
For — 
ken 4 
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ity, 
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energy equation, assuming nolois,curve(1), 
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uns 
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ENERGY LOSS 


dissipation may ey achieved by increasing the width of ‘the overfall ‘section, — 
-Values of the velocity coefficient @ were calealated from the observed energy 


Tos and plotted it in Fig. 70) function of tre Since the use 


involves solving cubie this ‘curve is less practical value than 


cu 
~ 


- Standing Water Behind Fall. —ih all runs in this series it was noted that 
“the depth of water behind the fall was considerably greater than in the down-— ; 
stream: channel Fig. was realized that if the ventilation | ‘were 


“the fall to rise. However, an investigation showed that the ventilation was 
sufficient to maintain. atmospheric | pressure behind the fall, and indicated that | 
the rise was due to some other cause. A. Schoklitsch® suggests that the 
ee difference in level can be ac- 

counted for the change of 
momentum as the falling jet i is 4 
principle to the falling jet 4 
requires a knowledge of its pro- 


- file and of the velocities attained. — q 
This difficulty was avoided by 
dealing separebely with the hori- 


zontal and vertical components 


ry 


¥ 


momentum must be taken by 
the s bottom, ‘the horizontal change of momentum may be dealt with ina manner — 


similar to that used for the hydraulic j jump. to and 


+ 


friction, the “equation gives 


— in which the terms af the left side of the equation Siew! t the hydrostatic i 


and the right side gives the rate of change: of momentum between 
ections ee ‘and 1- ‘The hydrostatic forces are given by 


in which dy is lacs depth of standing water behind the fall. Substituting Eq. 
ieee Fane § “Hydraulic Structures,” by A. Schoklitsch (translated by Samuel Shulits), A. 8. M. E., Vol. I, 1987, 
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7a, introducing the uation, aud for 


In attempting to check this ‘elation against experimental values, difficulties 
were encountered because it was not possible to measure d, accurately for the 
reasons ‘mentioned previously in dealing» with losses at the base of a fall. 


To overcome ‘this a value of d, was calculated from the experimental 


Aj By was measured to an accuracy of + 5%, it felt that. this Be 
method gave a more probable average value for d, than could be obtained with 


artificial condition of 1 uniform velocity at the base of a fall value dy was 


ft “35 = 0.6 1 


y 


_ obtained accurately from the piezometers. In Fig. 9(a) a plot of the mo- 


mentum Eq. 8 is ‘compared with experimental and 


explained by the change in horizontal momentum | as the water strikes. the 
hannel floor, .A knowledge of the. presence of standing water - behind the fall _ 

i 4 = of its depth should be of value j in making eee calculations o of a drop. 


‘The second part of the investigation checked the vertical elements of the 


; jump below af fall against | the momentum equation, and included an berry he 


| inel | 


34 


than 4 3 
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eof 
men- = Calculated Curve; Eq 10(5)| | | 
hei- 
ver- 4 | JUMP COMPUTATIONS COMPARED — 
Iting |__| _|_| WITH OBSERVED, POINTS _| _| 
07 
ii 
‘Ge) 
t te the fall can be 
curve demonstrates that the presence of standing water behind 
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‘ERGY LOSS 


series ‘ol runs was made with the tailwater adjusted to ) form a 
at the toe of the fall. In addition to determining the surface profile and 
bottom pressure throughout the length of the jump, , velocity profiles were 
taken on the center line of the channel. AY good of the variation in 
velocity energy along the high- velocity jet that undershoots the “roller” : 7 
the jump was obtained from integrations based upon the velocity profiles. 
Fig. 10 presents sample plot, of these data, in which (similarly to Fi ig. 6): 
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tye am Z 


f 2 bivos Distance From Fall, in Feet ould 


“LEGEND 

Bottom Pressure in Ft ~ 

___ Velocity, in Ft per Sec 


* oSpecific Energy 
4 Velocity Energy j 


Height, in Feet 


05 
| 


| or Data ror Jump at THE Tox or THE 

a Z =the elevation of the plane of the horizontal velocity. traverse; h, = 1.55 4 Rang 

of water; Q = 0. 664 cu ft per sec; d, = 0. do = 0. ft; = 0.61 at 
0 ft from the fall; and d is ‘the specific energy. 


ss tudinal asiagioah of {the velocity head and the specific energy head are home 


dash and dot-dash lines, respectively. is interesting to note how 
: a rapidly energy is lost near the start of the jump. The dotted line shows the a 


q 
‘way in which the bottom velocity decreases in the e downstream direction. 
ey. ‘The boundary of the ‘undershooting jet was taken as the zero velocity point 
of the velocity profiles in the region of the jump. lo 
Was Vertical Elements of J J ‘ump —The vertical elements 0 of the j jump p checked — 
4 very closely with the momentum ‘equation given by Professor Bakhmeteff:* 
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3 in which d;, is s the depth of water at the toe of the fall before the j jump p and dzis- 


= 


_ The ratio > was computed from experimental values of d, taken with a 


~ point gage, and — was s computed from experimental values « a2 = using Eq. 9. 

= ™ 9(b) shows that the values obtained from the nae equation are in 


good “agreement with those 4 This that dy 


com the calculation of the hydraulic jump. 
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It is now possible to 
with the hydraulic j jump equation to calculate the minimum of 
tailwater required to the jump. The values of may be taken from 


ai gh bag oted Lat edt te oot ot in doidw 
2), 7(a), ‘and the value of may be computed using 


> and These computed values are plotted as curve (3), Fig. 11. Curves 
(1) and (2) are Fig. | 6. The plotted points on curve (3) are 
experimental values of obtained with the point gage, and they are in 
agreement with the curve. The arises as to closely 
4 oe they agree with those computed on the assumption of no energy loss at the base 4 maser iy 
of the fall. The results of such a computation, presented as curve (4), Fig. 11, a 
show that for low relative ‘fall height, the agreement is very good. 
the relative fall heig ht is increased, however, the curves diverge until 
the no-loss curve (4) is about 20% above, and curve is about 5% 


‘curve, , which assumes loss at the fall, ‘agrees ie with the obtained 7 
‘7 


at 

ei” ‘et Je _ when all losses are considered. The answer to this apparent inconsistency lies 


the fact that the value of is to the energy 


we 


stream entering the hydraulic j jump. Although the height of jump d; will 


4 by an increase in the specific energy of the entering stream, 
initial ai is decreased and the resulting value of being qual to d;. + a. 


C og is only slightly i increased. This relation is expressed by the curves of Fig. 1 
in which the ordinate shows values of = and — after a ap and the abscissa — 4 


“represents values of —. Ascale of (in which is the kinetic flow 

Bt factor at section 1-1) is included for those who are familiar with Bakhmeteff’ 8 r 


7 
Kinetic flow factor. it will be noted that may vary over considerable 


range with only a a small change i in 
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a When the energy dane at the base of the fall i is neglected, the j jump calcu 

— lation may give a tailwater depth as much as 20% high. In some instances 
this will provide a ‘desirable factor of s: safety against the j jump being washe 
downstream. Any additional safety factor may cause submergence and impair +S 
the effectiveness of the jump as an energy dissipator.— Vet svisaln 


© Run B4.2.3 
& Run B5-2,25 = 18.0 
BE21 


a (a8 Longitudinal Elements of Jump. —A comparison was made of the longitudinal i = 

profile of the jump with the results ¢ given by Professor Bakhmeteff and A. E. 


Jun. Am. Soc. C. E., as shown in Fig. 13. Bince the bottom 


) es beginning where a few point-gage readings were used. ai Because of non- 
hydrostatic pressure distribution, the piezometers have a , tendency to read 

‘te slightly high in n this region of rapid expansion. This } may account forthe fact 
. that the profiles rise more rapidly at the start than do those presented by 
Messrs. _Bakhmeteff and Matzke. The profiles given by the writer indicate 
that below a free overfall the jump 4 is about 20% longer than is shown by the ae 

a curves of Messrs. Bakhmeteff and Matzke. Since their jump was formed — 

x downstream from a regulating sluice, lack of agreement may be caused by a 
4 difference in the e velocity | profile of | the shooting flow entering the j jump. ae icky 
The velocity. measurements and thie energy summations show ‘that | the 

am netic energy in the undershooting jet is dissipated by the time the surface 
| profile indicates maximum depth. This means that the end of the jump as an 


indicated by the profle mark the end of excessive velocities in the 


7“The Hydraulic Jump in Terms Similarity,” by Boris A. Bakhmeteff and “Arthur 3: 
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jet. This: applies to well-formed hydraulic j jumps and 4 


well apply to a submerged j jump. oc avin ware 
sod Effect of Changing Discharge. —By using curve (3), Fig. 11, it is possible ae 
the minimum tailwater depth necessary to support the jump for any 

= relative fall height. This relation may be combined with the Manning formula ~ 
x rl ~ to predict t the behavior of a two-dimensional simplified drop s structure under © 
oi overload and underload characteristics when the tailwater level is s controlled — 

by the slope and roughness of the downstream channel. 
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‘TABLE 1.—Rewative TAILWATER Suow:ne OVERLOAD AND 
7300 UNDERLOAD CHARACTERISTICS FoR Two 


in which is width of channel nis Manzing’s roughness coefficient, 
hydraulic radius, and Sp is the lope of the channel bottom. 
For a given channel the values 0 of Sp and n be constant so that, in Eq. 12a, 


0.6 33. 2. 
0.7 228 | 226 
0.8 224 233 
1.1 345.) 
12 
: 21 2.13 
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tire 
2c 2c shows that when the tailwater i is governed onl only | by slope and aa 


‘the value of = — as the tenth root of the « critical 


to fo 


Table 1 gives relative tailwater depths, for two free overfall structures 


. Cols. 4 and 7, Table 1 , Show the tailwater required to form a jump scoording, 


ness of the downstream chan- = 
nel calculated | according to Eq. 
is based on the Ble 
Manning formula. The results 
2 
_ show that, as the discharge ex- gt 
eeds the design flow th | 
tailwater as regulated by the 
downstream channel will 
to exceed that hecessary to form 
ajump. When the discharge is 
less than the design flow, the 
‘opposite tendency is indicated. 
Note: that the differences be- 


‘tween the values of > required 


to support the jump and those 
by the channel are 
--very small. Therefore, if the 


design tailwater depth is chosen 


68 10 12 14 16 18 20 22 24 


perform. satisfactorily, over over Fig. 14.—Evrecr or 


BS a Effect of Submergence—An investigation was made to determine the effects 

of increasing the tailwater until the j jump was completely submerged. Data 
similar to thse ‘shown in | Fig. 10 were for a single fall height ratio 
5. 83), , With four tailwater depths 01, 3. 42, and 3.9 

_ The first of these was an sufficient to held the jump at the | base of the fall and 
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q 
agrees with the value | given by curve (8), Fig. 11- is, for + = = 5.88, 
(2.3. The higher values caused i By plotting the 


Be velocity | energy in the high-velocity’ jet against the distance downstream asin 
eo Fig. 14(a), it was found that increasing submergence caused the high-velocity — 
o jet to persist for a greater distance. A plot of the bottom velocities (Fig. F 
esi 14(6)) also showed higher values downstream as the tailwater depth was 4 
inereased. This would indicate that oversubmergence of the j may require 
Ae - bottom | protection to be extended farther down the channel. It is felt that 4 
_ further study should be made of the effects of submergence on the rate of decay 4 


4 


It will be ‘noted that i in the energy ‘summations in connection with: 
ii eA va this investigation only elevation, pressure, and axial velocity energy were 
_ considered. Two o other forms, and energy, ‘could hot be 


Methods of measuring - turbulence energy have not yet been developed . 
ane the point w where they are 2 practicable for standard laboratory use. It was not 


iv fine, 


to measure the i increase in heat. energy from the rise in water tempera-— 
ture, because of the minute variations involved. For instance, the eoinplete 5 
Bh conversion of 0.01 ft of head to heat would cause & temperature ri rise of the 
order of 1.3 times 10-* "degrees Fahrenheit. If the turbulence ‘and heat 
st ae energies had been measured, they would undoubtedly account for the so-called | 
Sdinsipated energy.” It is regretted that this “dissipated -energy”’ could not 

separated into its component | parts. heat energy i is truly dissipated i in 
a the sense that it is no longer available to scour the channel, but it has been — 


demonstrated that the turbulence ce energy is available for the entrainment and 


This investigation has to solve the problems that are involved 


in the design of a drop structure of the type in the field. The findings of of 
(1) The loss of energy head at the base of the fall is neither negligible nor 


Pe constant, but varies over a considerable range as function of relative fall 


ms io (2) The depth of water standing behind the fall is greater than the depth | 
4 of water shooting from the ‘base of the f fall and may be computed from the 


ares aso (3) ‘The momentum equation for the hydraulic j jump may be applied t to the ; 


oy flow conditions at the base of the fall to determine the vertical elements of 


= ae (4). The longitudinal profile of the j jump is in \ fair agreement with the p profile 


obtained by Messrs. . Bakhmeteff and Matzke. The length of j jump below a 
fall appears to be than nthe a sluice. 
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ity energy Kat the jet ‘is by: the the 


(6) Oversubmergence of the j jump will cause the e undershooting jet to persist 


as in (7) The free overfall two-dimensional = 


locity 
bis hydraulic engineer to produce a rational design for a two-dimensional drop 
structure, the performance of which can be. predicted accurately. Probably 
is even more important that the designer can now obtain at least a first approxi- 


mation of the performance o of f those more co! mplicated ted structures that circum: 
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California Institute of Technology, is gratefully acknowledged. Ralph W. 
= Koehnke deserves particular recognition for his assistance in collecting data. 
~The work was done with the aid of Work Projects ‘Administration (Official 


‘The letter symbols, used in the paper, conform essentially to 
American Standard Letter Symbols for Hydraulics, prepared by a Committee { 
ax the American Standards and 
approved by the Association in 1942:* 
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at the crest of the fall (section 0-0); 
} dal at the toe of the fall (section 1- (a 
Es, after the jump (section 2-2); 4 
AE = loss from the crest t to the toe of the fall; 
= hydrostatic force; Fi, F., F; = = forces at sections 1- -1, oe, aad 
respectively (eee Fig.8); 
= acceleration of 32.2 ft per sec per sec 
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of jump from beginning of the jump; 
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= slope; So = slope of channel bottom; Yo, 
- velocity at the base of the fall (section 1-1); 4 
. = distance downstream from the fall, in feet; risk 
- height coordinate of the jump, measured above | the initial depth dys 
= elevation of the plane of the horizontal velocity traverse; TRL TE, ated 
= specific weight of water (w per | volume); 
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between ‘ and —, in which is the total flow energy below the ‘fall 


ke (expressed as head), d, is the sal acta depth for parallel flow sorrenponsing to 


ta 


- This has been done, and the results are given in n Fig. 15, which also shows, for 


OE 


comparison, the author’s Fee Pag curve (2) taken from Fig. 7. MISES 


surface. 

angle 6 with the jet. _In th the thing to in ef 
Pa of water away from the point of impact. Sao. the greater part of the water 
flows to the right and the remainder to the left, as indicated by the dimensions — : 


sheets flowing the is, the water velocity changes only in 


direction, not i in magnifude. _ The energy loss i is negligible in this 


normal to itself, the net in parallel to the plane must 
‘Fig. 17 shows the velocity vectors for the upper water sheet before and 
In this figure the broken line shows AV, the change i in velocity, 
which i is the between the two velocity vectors. The horizontal com- 
of the velocity change equals: va - - COS In ‘the upper § sheet the 


‘mass sar second i in width is — Vy the c change 


e horizontal momentum in one second i in unit width of channel must st be 


cos @) the upper sheet, and V? dy (1 + + 6) in the lower 


~ 


of the beneath the fall. (Fig ig. the actual i situation 
is ‘somewhat different from that shown i in Fig. 16, in which nothing hinders the 
flow o of "water along th the plane. ¥ The water in the lower sheet flows into the 
bottom of the standing pool, causing clockwise rotation, while comparatively 


*Care, Palmer Physical Laboratory, Princeton Univ., Princeton, N.J. 
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Fig. 18 outlines the general method of analysis should be referred 4 
inthe the following: In the just above the surface of the pool, 
ed noitaler 
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there flows water per second, Q, at a velocity ve Below ‘the level 


of the surface of ‘the pool the jet acquires : additional fluid from the pool, which 3 | 
reduces the velocity of the jet. The jet must thicken here on account of th the a x 


: 


} — Dis of? or 


‘A 


crease in Q and the decreasein V. At the floor the jet must divide into sheets of 

_ thicknesses dy and d, whose ratio 0 depends : on the angle of approach @ 0, paneeeing : 
Eq. 13. Since the the away from the fall, must be. the fow 
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te terms of 6—that is, 
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This is also the flow the pool ba ck into t the j jet. that this return 
_ flow has negligible momentum in the direction of the jet, the total momentum — 
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In these’ equations, V is the velocity and @ is the angle of inclination that the 
_ jet would have at the floor if there were no pool. The cosine of the angle @ is — 

the ratio of the horizontal component of the jet velocity, Vs; to the total — 

:  —— V. Velocity V. is found by equating the horizontal force at the | 

critical section above the fall to the change in horizontal momentum between 

ae point and any point in the free jet (Fig. 19)—that liapodiaut ai gk ot 4 


and = Vode, this gives oda briny 


Velocity the corresponding to the total fall, is obtained fromthe _ 
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i which determines the eats of flow just below the fall. ‘ees total. energy of the 
discharging fluid is found by means of the relation 


By 


5 

1.06 +. ‘ 

Bf, The solid line of Fig. 15 shows this relation, and the broken line gives ‘the 

a — of the author’s experimental investigation. In view of the crudeness 


‘satisfactory. 


Sane. The subject is of great practical interest and the manner of presentation ex- 
emplifies well what modern “hydraulics” should be. ‘Basic > mechanical prin-— 4 
—_ are comprehensively applied. Observed facts are reduced to generalized “a 
dimensionless curves. Above all, emphasis i is laid on the physical aspects of 
the » phenomena, the often baffling complexity. of the ways in which 
water actually behaves, as compared with the simplified, antiquated notions. 
ows, _ In the course of its researches, the Fluid Mechanics Laboratory of Columbia — 
ime University, in New York, N. Y., has gathered data bearing on the different 


as ee topics presented in the paper. The experiments in. part complement Mr. — 
Moore’ 8 investigations in that they also embrace nonaerated nappes. Also, 
x a they help in further elucidating som some of the physical features revealed in the 


paper, which at first sight may appear disconcerting. 


An example! in particular i is the amape of the velocity r profiles i in the streaming 


urface and "hein sen the depth. There is no dynamical explanation for 3 
such “inverted” profiles in what otherwise appears to be more or less “paralle 
streaming, and the source of the anomaly must be due to some undisclosed — 

_ physical circumstance. In fact, the writers believe that the abnormalities are 

: ‘apparent, and are due to the fact that pitot-tube observations were made in 
the: presence of air entrained by the falling nappe and gradually liberated i in 
the subsequent streaming. In the course of escaping, air — concen- 4 
Prof., Civ. Eng., Columbia Univ.,New York,N.Y. 
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Velocity, 


inFtperSec 


in the tem mses ne2r the toa, where the — 


Sant 


“trates in the the of which becomes substantially tha 
7883 _ that of water. 1 The manometer pitot readings, and the velocity calculations . 
S ee on density of water, become misleading. An other source of error when = 
operating with mixtures of air and water is the inevitable penetration of 
These views are substantiated by Fig. 20, which typifies certain velocity 
distributions observed below a free overfall. It also shows the corresponding 
face profiles, the bottom pressure curves, and other particulars, = 
experiments devolve e from res researches in the hydraulics of broad- ~crested 
weirs. The overfall | was formed by the lower. extremity of ‘a broad-crested 
weir, which had a length L = 4.8 ft and was erected in a 4-in. channel. Nor-- a 
_ mally, the height oft the weir body over the bottom of the channel wash = 0. 871 a 
ft. By inserting s special floor panels into the lower channel, the vertical drop 


oul be reduced to 0.136 ft—see legend in Fig. 21. _ ‘The heads H, referred to 
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Aerated Nappe 
with h= “0.871 ‘DE 


Values of 
Re 21 a) 


the approaching 


eventual discharges, , conditioned 
_ the = -ratio and the particular shape of the entrance wedge, were determined — 


of carefully ‘Cipolletti_ weir and are featured by the 


parametric valne of the critical depth. Special ducts communicating with 


the space under the nappe permitted the investigator to reproduce fully a aerated 


(The velocity profiles were obtained by a pitot instrument me an impact es, 
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AND FEODOROFF 
he air bubbles | to pass readily into the ‘manometer and disturbing. 
jnfluence of air was easily detected. In the experience of the laboratory, un-— 
a dersized impact tubes may become dangerously | “sensitive” to air trouble.) 
The velocity curve at section A (Fig. 20(e)) refers specifically to | an u 


nven- 
tilted nappe, with t the vein thick (4. = 171) 


space to be filled with Entrainment of sir from 
below is thus eliminated. Also, the streaming in the region next to the toe ud oe 
comparatively undisturbed. seen, the measured velocities offer no 
lies and, with the exception of a clearly defined friction zone near the bottom — rhe 
(the boundary layer), are rather uniform. In fact, near the surface the _ 
BS computed with ¢ = The partial decrease of the local velocities with = 
va depth is attributable to the slightly « concave outline of the streaming, which ~ 
causes the internal pressures to exceed the hydrostatic. Under the particular — 
 gireumstances, one may casily: ascertain the average flow depth d; (which, as 


Mr. Moore rightly states, can scarcely be appraised when the motion becomes 
‘more, tumultuous) and compute 
proves to be about 0. 85 Narrow channel forms, which ‘accentuate losses, 


todd 


and the concavity of the filaments, , account for such facts. Re 
Altogether different circumstances, probably exeending in intensity those 


reflected in Fig. 6, are exemplified by section C, Fig - 20(0). The vein in this 
i stance is relatively t thin (R= = 3. 2), and the flow pattern is s completely al- 


tered, as t he dh véetili d nappe is changed to the “depressed type,” with a 
_ block of air, in a state of underpressure, enclosed under the nappe. | The sur- - 


face lir line ‘in. Fig. -20(a) clearly exhibits how the excess atmospheric ‘pressure 


= the falling vein toward the face | of the drop, materially i increasing the — 
le at which water strikes the bottom. In fact, the 

and s es all over, offering on the whole a picture. of i intensely 
irregular ‘and conditions, well illustrated by Fig. 22. No reliable 


measurements can be made i in the foaming 1 mass near the toe, where tl the surface — 
cd ine in Fig. 20(a) conventionally indicates the lowest ‘possible : stage. 


even at a + subsequent station (section C, Fig. 20(b)), where the flow appears to ef 


much calmer, the Pitot instrument could be e used with apparent success 


only in the lower regions ( of the profile. In the upper parts the continuous i in- 
- flux of air into the ducts made any reliable readings impossible. — Note that 
ee average velocity computed with the observed d,, on the basis of the dis- 


charge being wholly liquid, is far less than the measured local »-values. On a 
the other hand, the theoretical exceeds the latter by far. Both h circum- 


stances are readily explained by the inflation of the s streaming by the entrained — 
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e lower surface of the falling vein “plunges” into the 
roller. ‘In fact, Fig. 1 very distinctly portrays the ‘ ‘mist” 


wholly filled with water. Observation shows that such is not the case, at least 
entirely. Indeed, Figs. 20(d) a and 20(e) exemplify velocity distributions 


Be ip 24 1) but 


space. “(section "Fe. 


20(@)), and in the other (section 
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a putations based on a purely liquid basis, 


“ment. naturally 


ata large angle (Fig. 22). 


hatever the cause and ef- 


20()) with the spac 
entirely filled with water. Ps 


_ The writers are led to be 


lieve that, for. high 


air entrainment i is caused ‘addi- 


generally tumultuous conditions | 


the motion assumes when 
8 thin vein strikes the botto 


> 


fect, one is led to accept the evi- 
dence that, in the instance of 
e flow at the base of an overfall 
_ just as in so many other struc- 
tures, hydraulic analysis may be- 


come seriously handicapped by 


factor i in the fo form of insufflated 


nately is not easy to _ appraise 


the presence of a new physical 


which totally ‘upsets com- 
Among ‘other features, air entrain- 


upsets 4 energy appraisals, Under the heading “Previous 


o Study,” Mr. Moore refers to a recommendation by the senior writer? to sey a3 


fa eventual losses in the design of stilling basins below falls and 1 to use +7 


Fg Eq. ; Naturally, the suggestion n at the time was in the nature of a f “margi- 
‘a nal” Tule, prompted | by a complete absence of experimental Cata. _ Also, as 
fe evidenced by sections A and B (Fig. 20), for relatively low falls the local sw 
me face velocities are actually not far from the theoretical frictionless values. ___ 
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air, a factor which | -unfortu- 


— One would naturally assig 


struc- 


ms 
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BAKHMETEFF _AND 


For ‘the! ‘phenomenon as however, and 


values, the losses are very y considerable, and probably should be 
the intensive local turbulence engendered i in the separation surfaces between 


‘the rebounding live vein and d the underlying and the overlying rollers. | (Most — 
iw interesting flow patterns illustrating this c case have been presented” by B. T. 
-' Morris, Jun. Am. Soc. C. E.,‘and D. C. Johnson, Assoc. M. Am. Soc. C, E. 4 


for 


observations are ‘summarized “dimensionlesaly in in ‘Fig. 21. In Fig. 


g- 21(a), the 


to Eq. 4. 


In ‘In Fig. 


h + 1.5 de... x (288) 
Moore justly states, thé « energy values (Fig. 21(6)) in 
the highly kinetic ‘“‘shooting” state are extremely sensitive toward the d;- 
 -values, and ed latter by: no means can be reliably ‘appraised i in the ‘tumultuous 
current, criss by supersonic waves, which o when — becomes 
vi | high; but, as stated, under such conditions the presence of entrained air in- 


evitably baffles any ‘attempts: toward precision, and appraisals based ‘on mea- 
suring the average depth may suffice forthe purpose. 


Curves a refer to relatively thick nappes < 2, 5), corresponding to flow 


forms where the nappe is “wholly filled with water. ‘Other experiments have 
_ demonstrated that the change from a fully filled | under-nappe to the 


ies depressed” form with — an air block beneath it takes place in the region 


2.7, with an ‘unstable” reach between the indicated 
limits, where the one or eventually the other form may take foe, depending 


Accordingly, the curves in the upper region (curves b) Lette to non- 
Ventilated flow with depressed nappes, with insufflation enhanced by the pres- 


ence of air under the vein and by an increased angle of ‘impact at the toe 


tothe 
‘mist? 
of in — 
rently 
ace 
‘Under all circumstances it is interesting and useful to | 
relations with those actually observed, even if the observations dealing 
jnsufflated streaming must be accepted as necessarily approximate. As an 
under 
to be ed lower-channel 
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unfortu- 
“marge 
Also,as 
ocal sur- dicated in the legend (Fig. 21(0)), the measurements were made witn largely 4 
Transactions, Am. Soc. C. E., Vol. 108 (1943), Figs. 5 and 6, pp. 896 : 3 
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varying weir heights, so that the plotted points, particularly in the ‘reliabl 
_low-drop zone, reflect a wide range of circumstances. The plottings also in- — 1 
clude observations r relating to ventilated nappes with h = 0.871. - Surprisingly, 
the points follow the same course closely, = 
ras me Obviously, the presence of air tends to exaggerate the distortions between | 
ao ‘the observed and the theoretical c curves in Figs. 7 and 21. In fact, the mea- 
: be sured velocities used for determining E, (see “Flow Conditions with Shooting 
ae -Tailwater: Energy Loss at Base of Fall’’) are less than the actual values, just 
a as the observed values of dy u used i in curve ¢ and i in Fig. 21(a), are e artificially x 
inflated. Thus, in either case se the apparent energy losses are exaggerated. + 
_ Perhaps, under such circumstances, the most reliable and practical pro- . 
‘codure would be to use curves of the type of Nos. (3) and (4), Fig. 1l. This 
ticularly true if one were to associate the d.-values with ‘the 
depth of the which will balance the jump unfolding in proximity 
with the toe. Observations of such tailwater are reliable, in that they refer 
to domperstively. calm region, , beyond the unsertainties of the insufflated 
zones. ap to energy, an analogous réle would be played by observed 


ratios ot 52 


A 


tions relating to the effect of submergence, referred to under “Flow : 
with Tranquil Tailwater: Effect of ‘Submergence” and in conclusion (6) of the 
paper. Mr. Moore obviously has been dealing with a curious phenomenon, 
observed also on different occasions at Columbia University, and which in the 
parlance of the laboratory has been named the “drowned j jump. author’ ia 


description may be complemented by Fig. 23, which relates to patterns = 
served in the flow from under asluice. (The experiments, performed ina Gin. 
ee : flume, were conducted by Fred Ebbetsch, who at the time (1937-1938) was ‘ 


research | assistant at the Columbia ) As: ‘seen, when the hereto- 

pe fore free outflow (curve A, Fig. 23) becomes submerged by tailwater that f 
er exceeds the upper stage of a jump, the drowned jet continues for quite awhile 
the roller without much apparent change, slowly expanding ‘until it 


reaches a certain section, section J, Fig. 23, beyond which it begins to rise e 
rapidly, reaching the surface of the tailwater 7 on a steep gradient. In the 
part between the vena contracta and section J, the divergence i is ‘sufficiently = 
Te for the streaming to be treated as “parallel” in terms of the habitual 
a Bernoulli equation, with the decreasing velocity adjusting itself to the i increas- 
- ing overpressure | of the Toller (d.) and to the eventual energy losses. (The 
- demarcation line B between the “‘jet’”’ and the covering “roller” was traced by Ss 
determining in the successive velocity profiles the points b . . . b, which de- a 
3 limit the discharge as as it flows through the sluice. i Computations were based on 
midstream conditions, as shown in Fig. 23, and obviously are ‘approximate. 
_ Between sections J and T, Fig. 23, the rapid expansion resembles the out-— W 
lines of a jump. In fact, the adverse slape of the vein between sections J and 
e o- T is not far from the customary surface gradient of an “open 1 jump” surface. . 
Obviously, circumstances in the zone suggest the use of the “momentum 


— 
— 


"(section J) away aperture, 
stantially modifying the general aspect of the situation. 


downstream extension of the jet would tend to ‘endanger the floor of a structure 
over a considerable length, and that possibly an open jump would bea safer 
2 device from the point of view of energy dissipation. The argument, brought: 
oi Be forward also by Mr. Moore, still stands in general and must await more de- e 
+ tailed investigation. However, the poignancy is somewhat attenuated by the 
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Hated 
erved ad Sy ‘a the velocity profiles, indicating with what surprising rapidity the roller vr 


To estimate, roughly, the possible location of the | submerged jump, one may 


to ‘momentum principle by plotting the curve M’ the 
St 0. 5 (dy +4) for th he expanding jet (for aan 


As s seen, the energy is rapidly Ic lost in the course df'e of expansion, , being eee 
the process of i in 


computed for the tailwater. To the of friction effects in the sub- 
ee - merged jet, the values of (M’,); and (M2)r for the control sections J and T 
should coincide. In the foregoing greatly simplified appraisal, it has bee 
assumed that the positive and negative momentum ux in the -circulatin 
‘motion in the roller compensate each other. Also, the pressure distributio 


throughout the cross 8 sections preceding section J is to be 


calculated (M’;); and (M;)r conform so well 
E. Jun. AM, Soc. _E- —Designers of hydraulic: 


ratios in presenting test reflects a toward 


Coordinated with previous research by Hunter Rouse,# Assoc. M. Am. & Soe. 

Cc By: this paper adds cons iderably to existing knowledge of the free overfall. ~ 

_An interesting comparison with Professor Rouse’s experiments has been omitted 7 
x by the author. Data presented with Fig: 6 give a value of 0.716 for the ratio 


Pa 3 “Hydraulics of Open Channels,” by Boris A. Bakhmeteff, McGraw-Hill Book Co., Inc., 1932, p, 234 
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10, ns The used by ‘the author 


as a reference parameter, ‘should be defined as the nominal critical depth in in 
the region of parallel flow upstream from the overfall. True critical depth, 
_ corresponding to the point of minimum specific energy, occurs at the brink of 


the overfall and is equal to the author’s depth do. Professor Rouse found an , 
average value of — = = 0.715, which happens: to correspond t to the coefficient of 


contraction for a weir of zero height. It would be of interest to see a plot of 


rs A “In the seventh line e following Eq. 6b, the author : states: “With a given dis- 


Nake a the , width of the overfall section, and thereby reducing the value of d,.’ ” The 
ap effect of spillway width upon energy dissipation i is an important consideration — 
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Kinetic Flow Factor, 


width b, with a drop h between reservoir and tailwater levels. For preliminary 
study, it might be assumed that a perfect hydraulic jump will be caused to 
at form at the foot of the spillway and that the lower conjugate depth, or the 


charge and fall height, more effective dissipation may | be achieved byi increasing 


in the selection of ne for large overflow dams - “Rig. 24 shows one method of 


facilitating this. choice. For illustration, consider overflow spillway of @ 
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in which 2; is the kinetic flow 
qriterion for dynamic similitude. For the present case, the flow 


Fig. 24 shows wi in which 1 is plotted b of h 
* to 100 and 400 ft and values of Q equal to 100,000 and 200,000 cu ft per sec. 


Se ‘Curve Q in Fig. 24 i isa of against the ratio from Eq. 3} 31. 
defined by the author, aad E; are the specific energies s of flow before and ; 


represents the ‘ “efficiency” of the jump, measure at. 


Ea 
3! 


“of “Pines 1@): are for all of Q, b, and h, a 
; a Fig. 4 demonstrates the practical advantages of the kinetic flow factor is 
! ee The author’s data showing a slight excess of pressure head over “depth ak: a 

3 he the region of the toe of the jump are interesting. Close agreement or con- — ste 2 
siderable ‘disagreement b between observers of such data may indicate “only 

similarities or differences in laboratory ‘technique. Tests on the hydraulic 
aS jump in a sloping channel might afford a better comparison with the author's | aq 
than tests on the level- floor jump. Messrs. Bakhmeteff and Matzke, 
working with slopes as steep as 1 on 10, concluded, no appreciable 

- difference can be observed between the depths and the local bottom eet Ae 


‘ 


. point-gage profiles. Because of considerable admixture of air within the j jump, coe 


on ‘it might be expected that the point-gage depths would exceed Sa 3 measured 


a = - plotting! or expressing, ‘all of the dependent variables as functions of the one 
to determine | the of standing 

or height of the j jump, for any given or assumed 

Hydraulic Jump in Terms of Dynamic Similarity,” by Boris and Arthur 
Matske, Transactions, Am. Soc. C. E., Vol. 101 (19 (1986), p. 636. 
“The Hydraulic Jump in Sloped Channels,” by Boris A. Bakhmeteff Arter E. Mata, 
actions, A.8.M.E., Vol, 60, February, 1938, p. 115. Si eee 
rrig. and Drainage Engr., U. 8. Regional Salinity Laboratory, ,U. Dept. of 
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select values of — from curve (2), Fi 


then solve a equation (Eq. 
_——mbich © can be done graphically. Since — is solely dependent upon =! 

in turn is dependent upon not plot against ? This has been 


in Fig. 25(a), includes replotted from Fig. The next is 


gant ad 


‘plotted i in Fig. 25(b).. On this same figure, the values of 4 = 


have been t replotted 
from Fig. 11. 
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different values of h, the writer has plotted values of 4 Z. eietnst 


as ‘shown in 
Fig. 26. To do this it was necessary to > ealoulate values of and 
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ee points for the new set of curves, It would be interesting rt keow how 


the values of as given in ‘Fig. 26 compare with the actual values. 


| 
a STANDISH Hatt,!* M. Am. Soc. C. E.—The studies by the author have. 


added needed experimental data to the hydraulics of the energy loss at the helb 
Of a free overfall. Engineering literature has been notably lacking in definite — 
information concerning these losses. Experiments of the type described in this 
_ paper are necessary to permit the design | of safe types of stilling pools attt the base 
‘The determination of values of ¢ in Eq.. 2i is particularly interesting, as it 


tion between and as expressed i in Eq. 4 has not been supplied. Such 
graph is helpful in showing that the ratio a. "decreases eather. dowks for values 
The author indicates that the velocity head determi ned from he mean 
3 velocity was not of sufficient accuracy, and he has determined the velocity head q 
4 4 by the summation of the kinetic energy in the cross section. However, no a 
in factor has been added in the basic formulas for t this correction | either in the 
iz “energy or the momentum equations. These c corrections, investigated by G. G. 
Coriolis, A. J. C. Barré de Saint-Venant, and the 


m equati 


+ 


diets would alter alter 8 9 as 


+2a'% 


the of a and a om the experiments be of 
a The use of these factors adds to the complex problem of solving Eqs. 34, and yY 
"helt cnilaslot I ‘is usually allowed for by a factor of ‘safety i in the design. an 
he}; 4 ‘The profiles i in Fig. 13 indicate that the j jump below a free overfall is about __ 
20% longer than determined: by Messrs. Bakhmeteff and Matzke downstream 
a i & from a regulating sluice.’ _ It is possible that the air entrained in the water by y 
the overfall caused the phenomenon n noted. This condition has been ‘observed 
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~ 
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at the toe of: many acting upon the writer 
ae laboratory experiments were made of the effect of entrained air ‘upon the a ae 


hydraulic j jump below a sluice-gate by introducing air in the bottom of the flume ig 
as the thin sheet 0 of f water emerged at high velocity from the The = 
Sad (1) The admittance of | air into the vater before the jump in 


(2) The i increase in velocity due to the entrainment of air, 
to require a longer apron below spillway nger stilling basin below a 


(3) For values of less than. 12 the of: air ‘into the hydraulic j jump 
a decreased the comparative length of the j jump, ¥ whereas for values of d above 12. 
eer, the comparative length of jump was increased. Since in the experiments smade 
the author the values of \ were greater than 12, ofairinthe 
water would increase the length of the jump. 


practical standpoint this type. of overfall is not economical, due to the great 
Sap. length of channel below the drop requiring protection. ie From Fig. 11 it is seen rate 
_ that values of = normally range from 2.0 to 2. 2.5. Messrs. Bakhmeteff — oe 


Matzke shave found their that at averages: about 5.0 for ¢ quite 


ratige of values of A. Multiplying these two ratios, would vary from 10.0 
a 15.0, and, if the distance from the brink of the overfall to the start of the jump 28 
of this te is to shorten th the below ‘the 
a which the energy can be dissipated. _ Professor Bakhmeteff has developed a 
= method by providing either a toe basin or barrier which will cause the nappe bay ox Rae 
ct be covered by | the tailwater.” _ Whether this condition exists, or that of a ees 


~ nappe with a repelled j jump, depends on the value of the drop (Zo) between the : 


4 


ratio > ‘in 


In the author’s presentation this can ‘be’ idelerusined only by following 
- “Effect of Entrained Air on the Hydraulic Jum: y Emery H. Willes, thesis submitted to the 
= College of Civ..Eng., Utah State Agricultural College, Logan, in 1937, in partial fulfilment of the 
ream Fequirements for the ‘degree of Bachelor of Mi Mug 
#“The Hydraulic Jimp in Terms of Dynamic Similarity,” Boris A. Bakhmeteff and Arthur E. 
"Hydraulics of Open Channels,” by Boris A. - Bakhmeteff, Engineering 
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the 8 nomenclature. with Professor 
ratio can be expressed by the formula qiotetod 


> 


4 Tis equation contains too 1 many variables for direct ‘solution, but it can be 


_ solved by means of the author’s Eq. 4, which also may be expressed in two g 

(4 d, ay 

d; 
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27.—Curves or Retative WATER FOR LIMITING VaLuzs FREE AND 


Tox Rois AND RELATION BETWEEN AND FOR Free Tor Rotts BrLow AN OVERFALL 


using as an argument, Eq. 36a can be sdived tor” —. Values of 
me in advance and, as only a relation between ¢* and — can be ob- 


tained from Fig. 7(b), the must be by trial and error. A et solution 


ae t.. could be made more laboriously by using the cubic equation (Eq. 4). 8 Since : all 4 
the ratios i in Eqs. 36 are interdependent, the values. of ¢? corresponding to 
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equal values of 2 from (a) can n be in ‘Ea, 366 and values 
calculated. Using the values ‘of the several ratios and of corresponding to. 
10 ad od} to abia baed-tdgit ao to if iin 
values of — , the ratio then can be computed from Eq. 35. 
i From Fig. 11, values ¢ of be derived more easily, since 


% 


fe, 


if 
ightly, due to the difficulty — 


Values of =* computed from Figs. 7(6) and 11 differ sl due to the dif 


sealing accurately from the small seale of the graphs. The relation of 


4 is shown ir in Fig. 27, . Thef flow belowt the overfall 
or it will be free, on the height « of ig. t ve dy 
Se can be determined first and then that value of Z. 0s which separates th 
nappe from the free can be computed. toe ‘basin, a arrier, ora 
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{3 Lhe ratio can be computed readily Irom values taken irom curve (3) In Fig. 
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Refersing to ided, , then 
tie 


ce all of the on right- side 4 the ds are or can 


“ae ee be assumed, Z,» can be computed. If the ratio of = ‘is less than the value de- 


MS termined from Fig. 27, the nappe will be ecbiiéeged? If a toe basin is desired 7 Ps 


the total of fall i is increased by the amount Ah. 
+ Ah Ah, and assume & value of and compute 


puted value then can compebed with Fig. 27 and made if neces- 


sary. The use of a combination of the barrier and the toe basin usually pro- 


vides an economy in excavation. ad 


ihe The combination of the toe basin and barrier as shown in . Fig. 28 a the 
ie an en = of providing a pool in which to dissipate energy and of shortening _ 
_ the length of channel below the overfall requiring protection. . This type of q 
structure i is not: new but has been used effectively for flood and erosion ‘control.’ ad 


Ny although t the ratio = could be computed with reasonable accuracy 


aia from otitis data, the writer has been unable to find any reference to. the 
proper location of the barrier from the brink of the fall, or the distance L’ in 


4 trajectory, traveling at a horizontal 


The at the depen’ 
surface velocity V’. is 20% greater ‘than the additional substi- : 


the. spread of the jet at impact, the value of C should be 7 
s and 2.0. ). The > origin of the parabolic curve of the water surface i is upstream — 
i from the brink of the drop, as. do in Fig. 28 is less than ‘ij - However, this is not 4 
i es to compensate for the spread of the stream on impact, and ; an increase 


‘The use of longitudin al sills as flow-straightening a in the stilling pool 


ides would be a very y desirable feature when a lateral contraction of the pew: 
ane Below the bafrier r the channel should be protected for an additional eid a 


hat has been arbitrarily made equal to L’. The experiments « of the author © 4 


have made possible the completion of the theoretical treatment of this type of 


aed % “The Barrier System of Flood Control,” by L. M. Winsor, Civil Engineering, October, 1938, p. 675. — 


i Pn ge eg Design of Drop Structures for Gully Control, " by B. T. Morris and D. C. Johnson, 
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n caused by the undershooting jet, | such as would exist if the oversub- 


on 


—_ were created by a barrier located at a ‘considerable distance down- 


Rovse,* M. Am. Soc. C. E.—Since writer was privileged 
4 to take part | in the staff discussions that “preceded: the experimental ‘study 


‘J present-day trends, and Mr. Moore is to be complimented upon an able oe. = 


The author restricts his analysis. to sow which approaches a drop 


In other words, arene of this the end of a channel will 


APPR aT Frovups Num AP PPROXIMATELY 2. 5, 64 AND 


‘ that at which the tate of discharge i in question will produce uniform flow Sy 
ss critical depth. If the channel is steep, the depth of approach will be less than — 
_ the critical, and the nappe profile and the > accompanying momentum ar and. energy 
g 1 characteristics will differ accordingly from those in the limiting case. studied 
by Mr, Moore. Since, the use of drop structures is not necessarily restricted 


Prof., Fluid Mechanics, State Univ, of Iowa, Aupdais Director in Chg. of Towa Inst. 
of Hydr. Research, Hydraulics Laborato ows City, I owa. 
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y pro- 
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efine the overfall phenomenon. It is all 
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yolk 


iy 


pas odt ta 14 


F=4.12— 
4 


of ‘mild slope, the er a more than Mr. 


~ hei hei To illustrate this point, the writer makes use of data obtained by A. : | 
Leder, Prof. J. M. Am. Soc. and Prof. G. W. Thomas 


am 


- 


= 
— 
3 


the Hydraulics Laboratory of the ‘University of 


Pg being held essentially constant as the v velocity, was varied by 1 means of a sluics 
ee gate a short distance upstream. Although the channel floor was actually _ 
horizontal, ‘the resulting profiles should not deviate appreciably from those for 


a similar depths a and velocities at the end of a channel v which ‘is hydraulically steep. 


‘i Ay Through use ary the momentum principle, it is at once possible to evaluate 
ested - the ultimate vertical thickness of the nappe, which is approached asym- 


~ 4 ptotically as. the ® pressure intensity within the falling sheet approaches that of 


>. the atmosphere. — With reference to Fig. 30, the rate of change of the horizontal 
_ component of momentum per unit width between sections a and 6 will be 
dy — (Va)? da}, and the force per ‘unit width producing such such change 


| 


Yamovs Fnovps ots: 103 agohey $e olitorg 


Ba, 
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| nal Delense Course Mechanics of Fluids con- 
ante: special project Natio . As shown in Fig. 29, a drop structure 1 
— 
— 


‘Upon introducing ‘contimiity: relationship = 


For the particul, lar case F =1, whieh i that. investiga by Mr. . Moore, 


> attains the n minimum value dy = 0.667, which i is 
ously assumed to be the Vertical depth at the brink. brink depth i is 

known to attain the minimum value = 0.715 d, for a F roude number of 


unity," is but its magnitude at higher values has not previously ‘been measured. 


| (or 


study of this function was attempted i in 1937 by W. B. Langbein, 21 


M. Am. Soc. C. E., and, , as a matter of fact, the measurements presented 


in this discussion were i to determine the actual form of the functional 
relationship. As evaluated for the writer by B. v. Bhoota, Jun. Am. Soc. 


ted in dimension-— 
form in . Fig. 31, ‘the depth de ‘at the distance 3. 5d, from the crest 


being used as reference. Values of the ratios and 


plotted i in Fig. 32 the corresponding values of the Froude 


ae 


and the’ di- > 
F will be recognized as the 
§ 
= 
— 
| 
— 


‘ 


umber. Values of 2 follow the general of. 43, approaching 


tional effect upon the nappe form steadily dithinishes in relative magnitude. 


In agreement with earlier measurements by, the writer, the ratio — attains the 


limit 0.715 for a ‘Froude ‘number of unity (Mr. Moore’s ease); this ratio Tike- 
_ wise approaches unity, but somewhat more rapidly, with increasing values of F. 
ae. ‘The writer regrets that the backwater depth below the nappe and the sub- — 
~ sequent rate ‘of energy ‘dissipation were e not measured at the time these studies — 
As: _ were made. However, through use of the parameters suggested by the writer, — 
the methods of ‘analysis presented by Mr. Moore could be adapted to all phases 
Bei Oe the overfall problem, and the writer recommends their further experimental _ 
4 study to the Pasadena laboratory. Until designers of drop structures become 


Ws Moorz,” Jon. Am. Soc. Cy E.—The contributions brought 


forth in the discussions are -deeply. ‘appreciated by the writer. It is helpful 


Pp to have the commento from ‘both the practicing engineers and the laboratory "ae 


The writer. is indebted to Mr. Christiansen replotting the data as a 


function “ot the one independent variable some this 


_ method of plotting puts the data in more convenient form. — In r 


Christiansen’s request, the — values to the values in 


roa 


3.00, wh | 


It is not surprising that Mr. Christiansen encountered difficulty in determining vt 


4 > values from the curves since it was necessary to make use of the ratio dy 


is a a relatively insensitive bu 


Mr Hels: moquent fe for the results in terms of * has” been : a 


=, as in Eq. 4, 4, was purposely subordinated i in t the paper : since the ) objective 


the was to trace the fow oft "energy through the: fall ‘Use of the 
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biped 

a 

tends to ob ce is 


energy changes ‘for values of =! than 4. Mr. Hall 


= the assumption of uniform velocity used in Eqs. 8 and 9 and including factors — 4 
: = ‘and a as shown in Eqs. 34a and 340 to account for the deviation from uni- 2 
ee 4 form velocity conditions. Since the value of a’ is dependent upon the velocity — a 3 
profile, its value would be different at section ¢-c 1-1, 


its at 1 would change with changing values 


. assumes an equal value of a’ at sections c-c and 1-1 . IfEq.3 34a were modi- a 4 
to suit this condition it would appear as wil 
which a’, applies to section 1-1 and a’, to section c-c. 


+The complications introduced by including the factors are not 
- Ne san in this application as evidenced by the close agreement between __ 
the experimental points and the points calculated on the assumption: of uni- 
_ _In the discussion supporting the statement that a a free overfall i is not eco- 
:  nomical due to the great length of channel below the drop requiring protection, q 
Mr. Hall has. apparently confused the performance of the hydraulic j jump with 
that of the overfall. _ A toe basin or barrier may be used at the end of an apron “ 
below a free overfall to shorten the length of channel requiring protection.” 
“of; _ Mr. Hall’s application 1 of the: experimental data to the problem of holding 3 
+* submerged jump on the apron below the fall should be of interest to the — 


Practising engineer who is confronted with a specific structure. It should oh 


¥ 


te 


to 0. the course of the writer’s experiments, Professor 
g 
__-value for the ratio qe checked within the accuracy of measurement. — At 
ae the time the paper was written it was felt that this value wis sufficiently well 


ic ¥ f 
In Fig. 24 Mr. Kindsvater. presents ‘a.number of entitled “Spillway 
Performance Curves.” These curves are built up from the equation 


which Mr. Kindsvater assumed for preliminary The 


“Hydraulic Design of 
Transactions, Am. Soc. Soe. C. 


established to need no further verification. of (Rete 
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Mr. Kindsvater’s h to h’ since as used in the ovightal: paper, 
- to the height from the apron floor to the crest of the fall , whereas Mr. Kinds- 
vater: refers to the difference between reservoir and There- 


in the of the ‘paper h’ = h- + at as 


45 it is assumed that flow conditions at the base of the fall are ‘defined by 1 


t 
a 


the fall, which the writer has shown to be appreciable, and that it makes flow __ 
2 conditions upstream from the j jump dependent on a the depth rg from 


of interes 45 was using g the relation Bo = 


and values of Z, were compared with the experimental values, but no correla 


In Fig. 24, the relations shown by curves (2) and (3) ave a rational clad 
n and have been checked experimentally. They give | a reliable indication 
of the performance of the hydraulic jump as function of A. 


urves 
however (which give values of as determined by Eq. 45), do not agree 
kg The comments of Professor Rouse were especially appreciated since his bx 
in the classroom helped to kindle the writer’s interest in hydraulics, 
and his guidance and inspiration during the fi first: phases of the project were is 
_ The emphasis by Professor Rouse on the limitation of the original paper o 
conditions resulting from flow at the critical depth in the upstream channel is — 
- worth while. » Iti is obviously true that, if the stream above the fall is flowing 
i. at greater than critical velocity, the x nappe profile will differ from that of the sy 
4a present study. The Jet would fall farther downstream and strike the apron — 
at a different angle. © _ This problem | might be studied by breaking the fall 
into two parts. . Making use of the parameters suggested by Professor id 
the angle and position of the impinging jet could be determined for various 
upstream flow conditions. The energy loss and flow conditions on the apr ; 
c could be determined as a function of t the ane of the jet and its distance from Sis 


the study since similar conditions might oceur | at the base of the fall for dif- 
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White’ analytical determination of the energy loss | use the 
4 eae momentum principle. and the assumption of uniform velocity at all sections is 
2 By very interesting. In view of the simplicity of some of the assumptions it ee 
3 oid truly, surprising that | the analytical results agree so closely with the experi- 
§ an mental curve. It may be helpful for the writer to enumerate 2 three of the 
SA ie assumptions which he feels are questionable i in the hope that it may lead to a 
ate clearer understanding of the mechanics of energy dissipation at the base of 
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a 


The assumption of uniform velocity Vm in the thickened jet (see Fig. 
18) i is known to be in error. Velocity measurements taken in the inclined jet 
ss indicated a transition zone of considerable width in which the velocity increased — | 
oS from zero in the pool to the maximum in the jet. The deviation from a uni- if ; 
. = a form velocit at this location is of greater importance than at d, or dy (see a 
“Fig. 16) since it would ‘materially affect the distribution of flow between 
. The assumption ‘that the presence of the pool does ‘not affect the dis- 
tribution of flow between the jet shooting downstream ar and the jet ‘shooting 
upstream is doubtful. The presence of the pool results in a nonuniform veloc- 


& profile in the inclined jet as previously mentioned. The hydrostatic pres- — 
ce sure of the water in the pool gives the falling jet a , downstream acceleration — ; 
uce 
& angle at the point of impingement. This effect may be noted in Fig. 1. 7 brn 
brs? The assumption that all of the energy in the upstream part of the > jet i is 
_ dissipated i in the pool after striking the apron | is believed d to b be in error, It is 
the: writer’s belief that the region of maximum | energy - dissipation is in the 
transition zone between the pool and the jet where the velocity gradient has s 
= way from the value of Professor White’s analysis. They are presented merely — 
experimental results, it does not follow that the assumptions used give 
picture of the mechanics of energy at the base of an 
Messrs. ‘Bakhmeteff and Feodoroff raised the most serious question in 


; before it reaches the apron floor and therefore tends to reduce the effective 
foregoing comments should not be interpreted as detracting: in any 
Sa to emphasize the fact that, although the analysis agrees strikingly well with © 
regard to the accuracy of the data that oceurred in any of the discussions. — 
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4 aggeration of the measured energy y losses. The reasoning leading to this | con- 4 
ae clusion and the data on which it was based were very well presented. 


= brought up vertically to a glass air trap so that any air entering the Bit 


"patterns, ‘and the appearance of the velocity profiles i in Fig. 6, they concluded 
that the presence of entrained air in the flow streaming from the base of the — 
fall resulted in abnormally low velocity readings and consequently an ex- 


At the time the d data for the paper were being taken the danger of trouble a 
from entrained air was recognized, and precautions were taken to reduce such — 


inaccuracies to a minimum. The manometer lines were of large size and = 2 


= 


re 
— 
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ce such 
od were 


_of air in the manometer system were negligible, _ hase? 
Be: le entrained in the flow streaming from the base of the fall unquestionably wei: 


es ing the fluid density and thereby result in arti 
low velocities as by the water manometer. writer be- 
- lieves that the magnitude | of this effect is small and that certainly cs based 


rhe vty profiles (c), and shown in Fig. 20, are ti 


from the at low relative fall heights 


Similar obtained by writer for low fall heights. Profile 
20, is for a fall height of 3.7. The average velocity shown for this 


It is the writer’ . belief that 1 the flow conditions in the Pasadena inealadeia Ss 
ere not disturbed as ‘violently as in the Columbia experiments. With « one 


a The under pressure behind the fall causes the jet to curve more rapidly 


and strike the epron ata steeper ange giving t the same effect asa higher value 


of = and (2) the pressure behind the ‘fall causing the path of 

falling vein to pulsate. These conditions result in more wre violently disturbed 
flow on the apron below an unventilated fall and may partly” explain the 


teen encountered i in making reliable measurements for the falls studied — ‘ 


‘redults in Fig. 33. Curves (2), (3), and (4) are repeated from Fig. ¢ 


ues of for the Columbia experiments were computed: from t tie value 


of Fig. 21(a) using 9. These values appear as curve (5) of Fig. 33 and 


4 show approximately twice the — ‘Toss observed by the writer. “Using 


‘Fig. 12, the corresponding values of 2 for | the Columbia experiments were cal- 


culated and plotted as (6). in values are considerably 


less than the — of 
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he difference i in the 


ofthe from thesystem effi E 
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periments based 


12 


may: be traced to two factors: (1) The energy values from the ( 
on measured depth and average v i 

- measured velocities; and (2) for the most part the Columbia experiments dealt ; 
with unventilated the results the writer were all 4 
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tea Referring again to Fig. 11 or Fig. 33, it will be noted that the plotted points : 


cs. djacent to curve (3) are the ex 
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ad 
jump forming at the toe of the fall. The writer agrees with the state- 
perimental v values of which may! be measured i in the tranquil below 
jump, form Rend best. over-all check on the of the drop. Inas- 
_ much as the experimental points are in such good agreement with the values” 
values. represented by curve (2) are a reasonably accurate determination for 


erimental values of -- obtained with the wi q 
Bae hs See made in the discussion by Messrs. Bakhmeteff and Feodoroff that ex- 

calculated from curve (2), Fig. 11, the writer feels confident that the 
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aga ‘i of the problems i in the engineering design of chutes o or 1 steep spillway 


pes channels is the e proper freeboard allowance to be made for the entrainment « of 


at high velocities. Calculations of the e channel dimensions also must be 


modified with respect to the ‘appligation of normal frictional resistance which 
is altered 2 as the: result of air entrainment. In all cases ; where. water er flowing i in 


a 
eo ae steep chute is allowed to accelerate over a sufficient distance, air is mixed 


_ with the stream and ‘the phenomenon of “white water” results. The game — 


admixture of air with water enn be observed i in waterfalls or in natural stream 
channels where the velocity i is sufficiently: to into the water by 


of of which will be “mixed with ‘the water under these 
tests are futile as ‘sufficient velocity cannot be attained to create the 
phenomenon. To gather information as to the behavior water flowing 


steep channels and to measure the bulking of the water, some observations 4 


a actual spillway chutes wei were made i in 1936 6 and 1937. i? The » Pacific Gas sand 


34 - Electric Company granted p ‘permission for measurements to be made i in’ three of ‘4 
their chutes and in maintaining uniform discharges during the 


Incidental to ‘measurement of the bulking | ed the’ water, it was possible 


and 


ae ie Ordinary field methods cannot be used i in measuring velocities ranging from 
35 to 80 ft per sec. % The initial test was made on Hat Creek No. 2 chute i ina 
western state. The spillway channel was laid out for observation on J uly, 1, 


aes. 1936, and measurements were taken on the following day. To obtain more : 


complete data on this chute a second set of observations was made on April m 
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llway channels. The data gathered during 
presented in this paper, n of air bulking 
ts are prese ula for computatio 
these tests ar velopment of a formula for co 
deading 
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the 
itions. 


“third test was made in the South Canal chute of another river project. 


a gages were located and levels run on April 22 to 24, 1937." The test was ter 


3 were the actual slope of the chute rather than 
a the horizontal distances, stations being marked ¢ every 25 ft or 50 ft by seribing ; 

. 3 a paint mark and the station number on the side of theflume. For the concrete 
chutes, gages were stenciled on both inside surfaces of the channel at right 
a. angles to the bottom slope, using a a prepared templet, the paint | being a quick- 
a drying black lacquer applied with a long-handled paint brush. "Painted gages 
= were not used in the wooden channel at Rapid Flume, but a measuring point 
wage established on top of the flume and distances were > measured down to ) the e 
water surface. Levels were then run to each station and the elevation of — 


a the top of the chute wall recorded. At the same time the channel dimensions 


ee The procedure for the actual observations, following this pri preliminary y work, 


= consisted of several steps: First, the me as in the power canals above the % 


usually made from a gaging belies, wal using both the Price and Hoff current 
er, two measurements being taken at the beginning of the test and two 
at the end. Observations were also taken at frequent intervals of a gage 
Scag e power canal to note any fluctuations in the water level. Then, sath 
after water had been turned into the chute and the flow had become steady, ia ae 
‘readings were taken on all gages along the channel. When the water istravel- _ 
dng at a high velocity with entrained air, particles of water leave the main 
pe of the stream with the result that the water level is s choppy and oscillates 
it up and down. _ Therefore, observations were taken of the maximum and ies) 
minimum levels at each station | over & sufficient period of time to note ined 


range. 


additional readings were taken across the channel by measuring 
down to the water surface from a board laid across the top ‘op of the chute. 

Finally, velocity measurements were taken between various stations along 

. e4 the channel. Prior to making the measurements coloring matt matter was mixed, n 

using either flourescein or potassium permanganate. Commercial flourescein 


e was used, with lime first added to the mixing water to insure more complete 


"permanganate about ten teaspoonful to a pint of were used 
240 cu ft per sec of discharge. The colored solutions were e poured into half-pin 

-pasteboard containers prior to insertion in the ‘stream channel, Before the 

ir 
test was begun, , the observers were placed i in their positions along the flume a S* 
Men with the dye solutions were ‘Stationed at the head of the flume or at the — - 
(start of the course to A observer with the Tevolyer was 


4 ___The second test was made in Rapid Flume on July 20 and 21, 1936. 
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i ee end of she: stretch started their watches on this signal and stopped them 
when the center of the slug of color passed the lower station. — Four to six 
_ observers with stop watches were used to time each color cloud, and the average 
of their observations was used ii in 2 determining | the mean time interval wana feat, ; 


—Head Lost at Entrance 


Water Surface at 368 
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at Creek Chute —The chute at tl the Hat Creek N 0. 2 power plant is s locate 


distance upstream from the penstock leading to the power house. This is 

is a steep straight concrete channel having vertical curves and dropping 189 it 

Vertically in a distance of 409. 5 ft measured along the channel. The. waste 

wa r from the: ‘flume was “discharged ‘through ‘side-channel ‘spillway weirs” 


on bo both sides the canal, al, A “After over lip the di dis- 
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ation. Ata given signal, the contain a 
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te of the chute was rather with form marks. 
he tie. wires used in constructing the forms had not been clipped off from 
concrete and these added to the roughness of the surface. The channel had a a 
uverage 
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to the direction fow, a@ cross wave was rather 


4 turbulent entrance conditions and also’ increasing the percentage « of air in the 

_ water at this point. However, the cross wave and a portion of the entrained © 
3 air had disappeared i in about 100 ‘ft. ~The profile of the chute is shown i in Fig. 1. te 

The first 275 ft of the chute of tangents connected by short-radius 

Vertical curves. Immediately below Station there was a short convex 


vertical curve leading toas pitch having an 45’. ‘The 


into four collecting channels which unite a 
-oppe ___charge was gathered in — 
lropped — 
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— 3000 
% 
—— 
20% 
j= 
pe 
{ 
ta 
189 ft 
weirs 


; 


forming the outlet bucket. 


The flow in the chute to ‘Station 2475. In this. ot the. 
a channel running waves formed along the side-wall and gave the appearance e 86«Cvhe 
higher w: water levels than in the center of the channel. _ However, acheck made — 
by measuring the depth to ‘water | in the center portion o of the pitiidint* showed © rae 


oe _ that tl the maximum height t reached by the water \ was the he same as t that observed . 
on the side-walls. The upper ‘surface of the stream was very turbulent, with 
ms fl balls of water that would dart rt up from the main in body of the water surface at 


"xe 


: aerated water. The entire surface of the flow was composed of these small § 
_ waves or rollers ee eee om Ou 4 ft to 0.6 ft in height above the main = 


os es ae At Station 2+75 the curvature was too > sharp to be followed by the trajec- ae 
es tory of the flow, with the result that the u upper layers: of water left the bottom 
“ 4 of the channel. — At the maximum flows some 0 of the spray 0 overtopped the side 
walls i in this steep section of the chute. ‘The cavitation caused some erosion 
. a of the concrete. _ The flow returned to the bottom of the chute between Biations 
ata 3+25 and and 3+75, , depending on the volume of flow . The velocity of the water 
ee vay was appreciably reduced in this section of the channel, ‘where the s stream was 
spread through a a larger cross-sectional area. ‘Asa result, the water left. the 
‘ a bucket at the lower end of the chute with a lower: Eeerny than that observed 
Re? at Station 2+75. The jet from the bucket discharged into the stream | channel - 4 
of Hat Creek above the normal stream water level, the energy being dissipated 
cs by eddies and turbulence in the pool formed in the channel by the discharge. e 
_ The ‘general layout at the chute and the flow conditions during the test are 
ae shown i in Figs. 2, 3, and 4. A view of the flow conditions with a discharge of 
vi ae 395 cu ft per sec is presented i in Fig. 2. At this station the velocity accelerates _ 
bi : Fe from 28 ft per sec to 55 ft per sec. At Station 2+70 water is ris s apparently slightly 7 
: higher along the sides of the chute than i in the center due to wave action caused — 


byt retardation along the side-walls. The ee at this point is 75 ft per 4 
£2 


This is located just above the penstock ‘the high: head 
= 


plant ata power | house. The flume is used to discharge water from the Upper ad 
Pi sq ‘Standard | Canal down the : slope into a natural stream | channel leading to 
Lake Tabeaud, where it is used afterward through the low-head ‘plant. itis is 
. oa ae. a wooden chute having a horizontal curve t to the right near the upper end anda a 
4 


é concave vertical curve near the terminal end of the channel. The total 
“drop i is 145 ft ina distance of 667 ft measured along the chute. The discharge 
of) water from the Upper Standard Canal into the flume is controlled by a 
oo ra head gate. Water passes from the canal through a culvert pipe and drops ‘* ht 

ae lata the tapered inlet of the flume, creating a considerable initial turbulence i in | ry 


thes water. In addition to this tapered section the a chute channel is built on a & 
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he right $0 


pa "curve e of variable radius extending from Station 2+75 to Station 5+ 25. % Below 


5.—Facina at Sration 1+00; Vavocrry, 35 Fr PER Src 
tig The channel is constructed of wood with longitudinal battens, and below the 4 
taper | section has an average width of 4.6 ft. 2 The a average height of the ‘side- 
walls is 2.4 ft. Cross waves develop in the upper section of the flume, due to | 
the horizontal curve. These disappear as the velocity is accelerated on the 
steep straight section. The air entrained at the inlet to the flume due to 
entrance conditions is partly lost and the entrained air is again drawn into the 
_ water, the insufflation commencing along the side-walls of the flume until — 
the entire cross section below Station 1+50 has become aerated. Where 
3 y turbulent entrance conditions do not exist the entrainment of air commences” 
along the side-wall, as described in 1936 by E. W. Lane,?>M.Am.Soc.C.E. 
ie The velocity in Rapid Flume accelerated to a maximum of 52 ft per sec at 
a Station 3+-75 but gradually diminished as the grade flattened until it was Te- 
a i to a velocity of 33 ft per sec as the water " passed into the baffle box. 
profile of theflumeisshowninFig.6. 


Recent Studies of Flow Conditions in mere. Chutes,” by E. W. Lane, Engineering 
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> i is chute is ‘wal has at the oid of the South Fork canal whi ks 
‘Below a “power house. It is planned ultimately to us e thi 
_ through Power Plant No. 6, ‘but at the present time the flow i is only used for eo 
: irrigation. The water discharges down the ‘chute into a a natural ch nel. 
‘This channel is 3, 535. 25 ft long measured along the slope ‘and has a total ver + 
- tical drop | of 140 ft. _ The discharge from th the end of the South Canal is con- 
trolled by | a radial gate set across the channel. a Water can also ‘discharge by 
ae side channel spillway which drops the water bask into the main chute 
channel within: a distance of 100 ft below the radial gate. Water dropping 
into the chute from the side channel augmented the. percentage ‘of entrained 
ne air at the head of the chute. — Ne if no water had entered a this route, 8 much 


greater distance of channel | wo ald be by. the w before” the -entir 


be 


= 


rough probably due to sand down the chute 


high velocities. — On the bottom particularly, the cement and sand had been — 
a worn away, leaving the aggregate fragments exposed. From the head of th 
channel | to Station 23+00 the width of the cross section was 10 ft. - Fro rom 
= Station 23+00 to Station 23+50 there was a tapered section and from the 
latter station to the end of the chute the channel had a width of 7 ft. The 
e: ‘side-walls on yn the 10-ft section varied in height from 3.5 ft to 4.5 ft whereas on 
_ the 7-ft section the height of the side-walls varied from 3.5 ft to 5.25 ft, A 
a - There are thirteen horizontal curves of radii varying from 100 ft to 300 tt, 
the sharpest having an internal angle of 98° and a radius of 142 ft. The floor 
the channel lon these curves is not -superelevated on 1 outer edge. An 


opportunity. was afforded here to 10 observe the flow of. water around. carves: 
. The total angular deflection in the entire chute was 422° 32’. wR As stated, the ; 
entire length of channel was 3,535.25 ft, 1,328.8 ft was located on 
curves. There are numerous changes in grade, ‘three reentrant 
grades inserted to decelerate the water at the toe of steep sections. Except 
fora a steep piteh at the inlet, the. stipe bottom ‘slope i is 0.100 for about 300 oft. i 


A total time of 2 min 20 see was required for a flow of of 334 cu ft per sec to a 
_ pass from the head of the chute to the outlet, the s average ge velocity being : about Ee u 
4 25 ft per sec. Due to the many changes in grade, the velocity in various sec- es 


tions of the channel 1 varied from 17 to 35 5 ft per sec. . Th The » profile ¢ of the 1s nad Eat, 
not shown, due to its greatlength, 


_ As the channel bottom on the curves was not : superelevated, the water + piled 


up on the outside of each curve and produced standing cross waves in the tan- : 
eS. gent section below the curve (sée Fig. 7), in addition to the choppy roller and 
waves elsewhere noted in normal chute flow. These cross waves lead 


vig an error in m computing the wetted a ea at some ‘sections as © 
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Boe the results for the entire chute. In the 10-ft width of channel the supereleva- 
tion of the water s surface e at the outer § side of the curve did not fo form a uniform 
ze across the entire cross section, due to a larger percentage of the flow x 

- following the outer wall. However, on the 7-ft channel widths the slope of a 


a the water surface was more or less uniform so that the difference i in level between : 


were Such errors are not of sufficient ‘magnitude to affect 


slope ‘of the water surface across the stream section. On the curve of 142-ft 


“a 4 the gage readings on the outer and | inner walls of the curves indicated the 


radius, in the 7-ft section, constructed on a 10% grade, the flow was very 


turbulent (see Fig. 8). % The discharge in this section tended to proceed i in a 


Taper Section On Horizontal CurvetoRight>} 
+ 


6 Veg.ociry, aL Water SurFacs 


ig bide" AY loditnds to 


, permitting spray to discharge over the top of the) wall, Between een 
Shove points the water surface was well below the. top of the wall. jnte ira 
Nozarson 
eae - The letter symbols i in this | paper are defined where they first An and are 


for convenience of reference in the list. of of symbols to the 


The ainda desired to ‘be gained by the tests, was the determination 1 of 

a formula for the calculation of air entrainment in projected spillway channels 
of large ‘capacity. To be of practical ‘application, the method of procedure 4 
should satisfy three: requirements: (1) It should conform as nearly as practicable _ 
to established methods of hydraulic calculations; (2) it should be of sufficient 
simplicity to be readily s applied; and (3) it should yield results that ar re in 


reasonable with the measured tests of air entrainment. 
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3+50° 
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data available indicated that v with: small 


4 2 velocities ranging from 15. to hg per sec, , the entrained air air varied from . 
to 35% of the cross section.’ Measurements of a masonry lined chu 


Austria air entrainment sanging from 60% to 80%.‘ The use of 
i large percentages for air bulking in design would make large spillway } ee 


"for the discharge of river floods very costly, 


Bs: an én It was indicated that the velocity, the distance traveled, and the 1 roughness ‘ 
7 of the channel had some bearing on the air entrainment. Personal observation — 

ae led to the conclusion that ai air ane was reduond with larger cross sections — 


3475 . 
4+25 = 
pee 


In developing the theory of flow in chutes the following ‘assumptions 


1. The value of the e roughness coefficient : nin the Manning or Kutter for- eet = 
is chute is is 4 


‘mula is constant for the postion type of material of which the 


ae 2. . The air in and aces the water caused r no additional lo loss i in sic ‘th 
reduetion i in the specific gravity compensating for the added area; a 


8. For computation, a computed | hydraulic radius can be used 


| 


a *, _  §“The Determ ination x n in Kutter’s Formula for Various Canals, Flumes, and Chutes on the Boise =f 
Project and Vicinity,” by W. G. Steward, U. Bureau of Reclamation, Rept. on 2d 
Operating Men held at Boise, Idaho, January, 
7 ¥ 4“ Overflow Channels from Surge | Tanks,” b Ober 
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The velocity head from the be used 


Eq. 1, Q is the in cubic feet second; V is the observed. q 


average velocity i in a section, in feet per second; and P, is the co wetted 
perimeter of the section of water only, Ae = oo of 


_The true velocity head hy is greater than that computed from the mean 


velocity, since the true kinetic energy is the summation of the product of the 


velocity head and the weight of water for elemental s areas, a, in the cross section, 


re 


ry 


A 


a 


channel; and ig is acceleration due to ‘gravity. ~The value of hy in Eq. 2b 
represents: the : average energy head per pound of water flowing per second; 
_ q@is always greater than unity and ranges from 1.02 to 1.20. Since the velocity — 
Be distribution in the chutes tested in this investigation was not obtained, it was = 
ou Laat aa ‘assumed that the corrections were small and could be neglected. This assump- 
es ae _ tion has the effect of slightly i increasing the energy loss above the actual values. = 
Be. ee the design of large spillway chutes, the inclusion of a is recommended and a 


in which p = the ratio of wener in a mintars ai air ‘end water or the relative se 
density of the mixture (1 — p = ratio of air). . Assuming that the flow in a 
i — has reached a uniform velocity and neglecting internal friction of 1 the 
ae _ water, the relation between the force represented by the weight of the water 


4 and the frictional resistance (f) of the channel walls for a cross-sectional area 
elemental can as pe A dl sin 6 = P dl, or I 


which lis the w is the of] cu 3 3 
age am of water (= 62.5 lb); @ is the slope of the channel i in degrees; and P is is the em 


* 


wetted perimeter for a mixture of air and water. 


of al 
si por hen air is entrained in the water, the normal assumption given in “most 


ae hydraulic textbooks as to the relation between the friction and the velocity — 3 


e = uniform flow must be modified as the entrained air reduces the density of 


“Me *“ Applied Hydro- and Aero-Mechanics,” by L. Prandi und G. Tietjens, Engineering Societies 
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in most 
velocity 


is 


a sine “< slope of the | channel, can be made i in Eq. 4; ; then, kp pe = 


becomes simpler to substitute R, the value R., . A, = Zand R, = 
_ To find the retardation factors for nonuniform flow with the data available — 


from the chute tests, the values of Kutter’ s n could be most easily 


If desired, the of n in the Kutter formula- then’ can be 


determined by the relation between Manning’ sn ‘and Kutter’s n for various 


observed radi us R, computed from the « obearved area A; and 
; 2 aoa wetted perimeter Po of the mixture of air and water must be used. | Then , the 
a ee oN One difficulty of applying this formula i is ‘that the ratio of : ait in the water 
. en i 4 (1 — p) must be known in advance. _. This ratio is not constant but varies with — 
the velocity, size channel, and ro roughage of the -side-walls. it 


>. Pi R. is used instead of R., a different at value | of n must be used i in Eq. 7 than © 
x eects “the nominal value. The relation between the values of n for the Manning | 
ay 


Since R, is always less must be smaller than n. Values of 1 Me, 


therefore, were also calculated. Some writers men recommended the use of 
2.4 


the observed area A, with a smaller velocity, Ve = 


would | necessitate ‘the use of a larger value, wtih has com- 


puted from a the available: data. This method has the advantage of utilising 
es ee the actual a area, but there are several obj ections to the use of a fictitious ve velocity — z 
4 ee ce less than the actual which will be pointed out later. The most logical procedure 


This" 


Vo 


im fo) would appear to be the calculation of the actual velocity from the calculated % 
depth without air a and the determination of the true depth of air plus 


a re from the percentage of entrained air. The relation between the entrained . 3 = 2 
Xen and the velocity, hydraulic ‘radius, and channel roughness is determined | 

>. Using Eq. 7, ‘the computed. values. of n are about the ane those in 

- channels of similar material with velocities below critical. By —s 

observed velocity V., the corresponding slope of f the energy gradient, S., and iZ 

computed radius a smaller value of n can be computed deaig- 


a 


a 


i 

4 
q 

3 
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velocity V, and the corresponding the energy gradient 
a larger value of n can be No: 


te: 


Epa _ The increment in velocity as flow progresses | down seit may b be ex- 

- pressed as a function of the time. However, this leads to an jeenation: invotvin 
hyperbolic functions that are awkward to use.® ity 
simpler solution can be derived expressing the increment i in velocit 


Ibe he =h, — @ + y cos 6 + 


being the velocity head coefficient from ‘Eq. 


040, wy Flow Water in Channels Under Steep Gradients,” Bin Fra W. F. Durand, Transactions, A.S.M.E., 
Semi-. Meeting of A.8S.M.E., San Francisco, Calif., July 1939) 


i 
ted ing the computed depth 1 — 


dl 


2. 2082 (Re 


negative ign is used i in ie. since decreases with an increase in 
Equating E Eq. 13 and E Eq. 14 and solving for oi 


‘alle 


ince Re is a function of V, ‘this v wi n be substituted in bed 15 fw: 


: 


ging — 
n for flow in steep rectangular 


relation 


the latter is used, ‘three variables are introduced. ‘making the solution 
+ Yo Vdp+pVdy=0 . (194 


(pyedV +40 eae), 


OAR solution be unless p = f(V). Then dp = = fi(V) dV. 

In n Eq. subst tate ye = faq 
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2.2082 (R.)* 


* Be Returning to the basic Eq. 17, the solution for — using a odmtant valu 
of n, is not exact, since, by Eq. 8,n. =n oy Hence, it is seen that n, 


determine an oxact value of n for chute computations, several assum p- 


“may be separated i into two components radius al resistance ‘ond 


ts 


pV+B 


det oy This solution i is at best an approximation since pis not constant fora give 
value of @ but varies with the velocity. Inn many chutes 


me relation to the 


of the stream. The proper application of the dimensionless parameter a 
: hydraulic phenomena has previously been pointed out® by Boris A. Bakhmeteff, — 
& M. Am. Soc. C. E., a and Arthur E. Matzke, Assoc. M.Am.80c.C.E. 


a gruous to use the hydraulic : radius R. as the longitudinal parameter. ai 
_ After some experimenting with the data, it was found that the best relation 


a with the a number existed by using the ratio of the two ratios, air t 
water, in the mix ure, or 

7 Unpublished report of U. 8S. Bureau of Reclamation. 
Die Wasserwirtechaft, Vol. 23, 1930, pp. 573 and 505. 
§“The Hydraulic i in of Dynamic 

take, Transactions, A Boo. C. 


(14) 
— 
“fietitious character since the air resistance 1s Das on the area occupied pre- a 
>. [ie sumably by the water and not by the air. It was, therefore discarded. oe <a 
(162) Ba _ Another solution could be made by assuming that p is constant for a given a ao 2 
7 j a value of 8. (A relation in steep chutes between the slope and the entrained ea a 
varying with the hyd renberger in 1930.) 
§ ‘Then Eq. 19a becom 
li a= by similar steps as used in derivin Jae 
4 most satisfactory solution was obtained by using t number 
.. (18) The air entrained in the water would appear to bear so 
Jution Weonde number as air entrainment is essentially related tc 
— 
(19a) — 
= 
2 
— 


fa 
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‘Experimental data were plotted, as will be shown sobesgventiy i in the p paper Se 
= as ordinates, and as seenien and the following general rela- 
| which K is a ‘coefficient and Ki is a constant for air entrainment. With 


Ay much of the data it was found that Ki =0, but with smooth condi- 
fone K, has a finite Value. a mean p can be determined, assuming 


from 


Substi ituting the of > in Eq. 8 and replacing p by its 


aa Eqs. 24b and 26 cometitute basic formulas for the solution of problems of - 
entrainment in spillway chutes. use of values of obtained from 
: t Eq. 26, in Eq. 17 would appear to afford the most rational theoretical solution 
for. flow in rectangularchutes, 
pi sis i In the design of chutes having a trapezoidal section, or in fact any bape 2 
- x ‘other than rectangular, and in transition sections of any form i in which the | 
- width varies, Eq. 17 cannot be applied. Similar formulas can be developed, — 
but they are too cumbersome for practical use ans easier solution is obtained 
by a trial-and-e rror method. anol ods A aul bet 
od _» Starting with Bernoulli’s theorem from Eq. 10, the loss of energy between | 
two adjacent stations can be expressed using subscripts 1 and 2 to indicate 
“upstream and downstream sections, respectively. Equating | this to the slope 4 


of the energy ; gradient i in the Manning formula, the following equation results: 
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ine using a value Yeo is first and the ‘corresponding valtie 
of V2 is calculated. The value of R, to be used i in this computation is the mean — 
of the hydraulic c radii at the two sections. If the two sides of the equation — 
do not balance with the assumed value of y.2, another value must be tried tote 
‘Usually after two incorrect assumptions, the true value can be arrived at by 
Eq. 27 can be used for rectangular s sections, if desired. 4 Calcu- 


Bo By 24a with the values of Vv and R, for specific depths Ye, using the values of es > 
K and K, assumed for the design. From the ratio of water in the secti tion. nand 


x: 


> 

formula 


ner 


in 1 which b= bott om width an ad 


0. 
t 


values of Me are valoulated from Eq. 8. For use, curve. of 


: These values are sufficiently accurate and avoid too frequent change i in the ee 
value of They thereby facilitating the computations. 


Friction loss computations in the Manning formula — can be made mos 


readily by first t preparing a curve of of the fi function 1.486 Ac (Re plotted against 


= the depth ; Yer . Once a value of Yeo is assumed the friction loss can be computed _ 4 
ee in the left-hand member of Eq. 27 from the values of Me and of 1.486 A, (R.)*/ 
ce The « computations | of flow down the incline must be started from the head 
of the chute. With smooth entrance conditions, the computations can start 
"from the critical section. _ When the velocity factor a is used, the formula for 
critical depth usually given in hydraulic texts must be ‘modified by the intro- 


ot bella ‘ad 


ia which be: water dr surface width in sections. eoulay 


wa pea advantage of f determining the : calculated areas of solid water is realized | 
in ‘the design of j jump basin, which in many cases forms the chute terminal. 


-_ ® Compare with formula for critical — in “ Hydraulics of Open Channels,’ 
Engineering Societies Monographs, McGraw-Hill Book ae Inc., 1932, p . 35. 


er, i= 
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ith ry each section for varying depths. ‘Lhese must be prepared for each discharge q 4 
ung 
— 
— 
— 
= side slopes in trapezoidal sections. 
yin nEq. 27 
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sults; | 


Here, the of ye and A, toget 

- ae the toe of the chute should be used in the energy and momentum equations of 
f the hydraulic jump. _ If the velocity factor a has been used in the energy 
sie eanation, a similar factor based on the summation of V2 over the cross section 

oulsy oat off ows wie 
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_ A comparison of the Seed observations of depth. saa velocity illustrates 
reibly the difficulty in obtaining precise results in “measuring flows at high 
elocities where air is entrained with the water. 4 
The velocity head for the adjusted mean velocity in each 
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heads. These three methods of computation were used by Fred Cc. Scobey, 
Am. Soe. C. E., in his study of flow of water in chutes.” ter 
ei In his bulletin the computation of the retardation factor has been made by te 
taking the energy gradient parallel to the bottom slope. This may be correct 
2 n many instances, but in the tests described in this paper it was found that a 
the energy slope was seldom parallel to the bottom slope, as can be seen by 
an examination of Figs. land6. lo 
“ These elements of the water prism obtained in ‘the manner just described £ 
“were used for the determination of the coefficients of the flow in the Chésy 
pe formula and of the retardation fectava i in Kutter’s and Manning’ 8 formulas by 
ak The hydraulic properties of the water prism in the three renters tested 
‘together with the percentage of air in the water and the value of the parameter bon vet 
were tabulated for each flow o observed. Thes hese results are given in’ Table 
3 for Hat Creek chute, in Table 40) a Rapid Flume, ‘andi in Table: 8 tee South | _ 
Bureau ‘of Reclamation: Tests on Kittitas Chute—In 1938 the Bureau of 
ahs Reclamation made tests of air entrainment on the wasteway from the Kittitas 


Main Canal located on the Yakima Project in a western state. — This chute — 


Fey discharges, water from the main canal into the ‘Yakima River. The flow 
Ses water from the canal into the inlet of the chute is controlled by y a radial | gate. 
a The total length of the chute is 1,301 ft measured on the slope, and the total _ 
cued drop from the canal to the bottom of the bucket at the Yakima River is 340 ft. ey 


a The first 753 ft of the chute are on a 10° 12’ slope. and the initial 318 ft are 


built on a taper section. — At the end of this slope there i is & convex vertical 


_ for a distance of 79 ft to the end of the chute. The jet at the end of the incline 
discharges into the Yakima River above this high-water level. 
“Fe _ The concrete of the chute is smooth on the side-walls, but judging 71a 
. (ae photographs, the bottom appears to be roughened slightly, probably due to 
th ‘the *< = sand carried down the chute w rith the discharge. p ‘The width of the chann el 
A decreases from 20 ft at the inlet to 8 ft at the end of the taper section. From. be 


; soo o this point a uniform width of 8 ft is carried for the remaining length ‘of the 
: chute, The s side-walls are 7 ft high, except at the inlet and near the: outlet 
Discharge measurements were taken with a current ‘meter in the cana 
4 above the chute. Measurements of the depth to the water surface in the 
incline were taken with & point gage, reading the distance down from the top 
of the side-walls. A traverse of the channel was s made, taking observations at me ; 
the side-walls and ‘at every foot across the section. The first point gage station 
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- M. is considerably larger than the results obtained by the first two methods, 
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TABLE 12,—Com 


-Blope,, 10° 12 


| o.o10 | 0.013 
0.010 | 0.013 


0.008 | 0.010 
0.008 | 0.010 


0.024 


0.031 
0.023 


0.030 


uf tha 


“ut, 
consistent of the thee methods used, 


energy gradient. 


0.013 
0.013 


0.012 
0,012. 

0.016 
0.016 


0.014 


0.014 0.015 


‘om: 


0.015 
0.015 | 


0.014 
0.014 | 


0.016 
0. 


To: 


0.016 
0.016 


From: 


0.015 
0.015 


0.018 
0.018 


largely due to the vagaries of the 


_ The values for the Hat Creek chute include the tests for 115, 163, 368, an 
— 895 cu ft per sec as observed on the paring i section of the channel between 


“steep. grade. below 


y convex vertical in the first portion of the 


Deed Using the observed values of velocity and area, the values of Kutter’ s 


and nm average a about: 0. 020 


lt: © 


0 in this se section on of. the channel. . 


— 
— 
— 
— 
persec 
| 433.09 
| 
23102 
bose — 
— 
on the iim 
ations 
on the From: | To: | From:| To: | From: 
energy "Manning 0.010 | 0.012 | 0.012 ‘0.019 | 0.021 — 
Kutter 0,011 | 0,012 | 0.012 0.019 | 0.021. 
rties of Manning 0,008 | 0.010 | 0.011 0.014] 0015 = 
Fig 0.008 | 0.010 | 0.011 0.014 | 0.015. 
water mums | 0.019 | 0.015 
29. — 
LTS 
— 
ase Over Values previously cited by the 


section the channel is due to the increased friction resulting from the 


‘. taken by the trajectory of the flow around the vertical curve. This trajectory = 


has been calculated for Q = 395 cu ft per sec by means of Eq. 31, using in the 
>... calculations the mean velocity and also velocities 10% and 2 20% above the mean 7 


the upper layers separate from. the water prism, throwing the into 4 4 
a “e spray. Air resistance ultimately slows the surface velocity as a comparison of 
the calculations with the observations s shows that the surface curve drops — 


suddenly at Station 3+25 after following the trajectory for a velocity of 91 ft 2 | : 4 


- ee eo sec for a distance of 50 ft. The increase in the retardation factor in this = 


ae section of the chute indicates, as previously : mentioned, that there exists am 


possibility. of dissipating e1 energy by this means. same . principle i is ‘utilized = 


; a to some extent in discharging water from a chute bucket above the water sur- 
eo a face of the discharge pool . The throwing of the jet into a spray assists i in dis- ay 


_—‘sipating the energy, i in addition to a further dissipation of energy by: eddies and e 


‘The results on Rapid Flume correspond i in a large 1 measure to o those obtained ~ 
os the tests on the Hat Creek chute. In this case the convex vertical =a 


‘ afforded a uniform retardation factor throughout the length of the chute after 


the turbulent conditions at the inlet had been passed. 


On the South Canal chute the computed retardation are ‘more 
of the apparent variation is probably due to faulty observa-— 
aa tions of area or velocities. _ The average results for the entire length of channel — “§ 
are reasonable, although when the roughness « of the bottom is considered, 7 


r 


of n between 0.014 and 0.015 would have been expected, rather than the 
On the steep section of the chute constructed on the 142-ft radius, located 


ipo ; 


Se Station 23+00 and Station 25+00, the value of No averaged 0. 021. 


computed of the v 
tabulated and compared with the theoretical values computed according 
Eq. 82. These results are g given in Table 11. “The between the 4 
; bul and theoretical results is sufficiently close to indicate that it is evident _ 
that the flow around this curve would have been en improved by the 
of the bottom of the channel in the 
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overtopping ‘of the oes by spray would hive ‘been avoided. At the 
other curves along the channel the radius of curvature was not sufficiently 
sharp to cause overtopping of the wall. . Hence, the necessity for su ereleva- 
ay On the Kittitas chute » the slope of the e1 energy gradient could be @ determined 


= factor are larger than n those obtained on the teste of the other three chutes, a ; 
but the difference may be due in . part to the fact that the » slope of the energy eS 

_ gradient i is actually less than the bottom slopes, or from unusual roughness of } 

- the bottom of the channel not apparent. from n the information available. The oe 
high value of n on the 33° 10’ slope based on observed areas and velocities is 
undoubtedly due i in part to the stream having been thrown into spray on the 


convex vertical curve immediately above this incline 12). 


relation of ‘the ratio of air to water and the has been 
‘ists a 


‘Measurements. ‘The graphs afford an experimental demonstration of of the 


in Eq. 24a. 


Hat Creek chute... 
h 
ered, 


an the 


Tesults in the lowest value of the Of the concrete 
located Creek has the lowest value, although the roughness of the channel in the 
| a ‘ pee chute (judged from the photographs in the case of the latter) is not 

i ‘80 0 great. as as than (of Creek. __ However, the ‘Tesults from these two chutes 


serva- 

bottom and sinuous hasthe highest valueof K. 


ie _ The selection of the proper value of J K is left to the he judgment of the engineer 
cording sing the presented data as a a guide. z In concrete e chutes, if the water dis- 
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lows — 
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etical 
hereas 
sonof 
ta, the results are | — 
[Although there is some seattering of 
hd the as follows: 
0.00355 
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ing clear water, the use o 
e ‘ nals normally carrying clear lightly larger than the See — 
reservoirs or from ca nded. This coefficient is the chute serves 
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at 
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of 


posi itl 


7, 


4 an inclined structure to convey in irrigation from bene 
a ve ands to lower levels, sand carried in the water will roughen the bottom, and 
the use of higher value of K comparable to that determined from the South 
= ‘More experiments over a wide range of chensela would give added con- 
fidence to the proper selection of the factor K and K;. The straight-line rela~ 
ree tion of the air-water ratio to a dimensionless | parameter indicates its application SS 
_ to all ranges of velocity and channel sizes from the smallest to the largest. 
will be noted that the application of the formula to large channels will” 
7 result i in a smaller : air-water - ratio for given velocities than cc computed i in small 4 
ee channels. This conforms with experience in observation of this phenomenon. — ; 
3 P< One word of caution must | be given: Eq. 24a will not apply to very short 
- channels in which the distance of travel is too short to entrain air; ; neither w will 
M: it apply to streams of such small size that surface tension is an important factor. : 
Ingeneral, distance of travel must be 100 ft or more, unless air is entrained 
turbulent entrance conditions. Despite these minor limitations the formula 
ve clay comparison of the actual maximum reed in the chutes with the height — 
oe eer: — of side-w walls disclosed that a large factor of safety has been allowed in the design 
to cover the effect of the little known factors under discussion. On horizontal 


= 
sections, the ‘height of af Depths near the 4 
inlet before the water had accelerated have also been omitted. The average 7 4; 


depths in the remaining cou of the chutes were well | below the following 4 


In most it instances a more ‘exact ; knowledge of the Se to be ex- 
pected of the water at high velocities would have permitted a reduction in a3 


Meet: allowance with a corresponding economy in the cost of the structure. _ | B 


flow of water on steep gradients is essentially different from that found. 


Pes in channels of ordinary slope. Velocities are greater than the critical, ands 
. range from a minimum value of 1 10 to 15 ft per sec to maximum values of from 


“80 to 100 ft per sec. _ The kinetic energy g greatly exceeds the static : pressure of f 


| 
"ee 
| 
: 
: 


Bie water covers the entire wetted area. If the water drops over a weir at ai 
— jnlet to the chute, turbulent conditions with entrained air will exist from the 


of the chute throughout the length of the ‘channel. Similar conditions 


¥ Fy “inlet of the chute is narrowed too rapidly. Under these latter circumstances sant 
a high, rough, cross waves ‘develop which are reflected from. side to side of the 
until the waves are dissipated or the end of the incline is reached. 
_- The flow of water down a steep channel with entrained air does not follow 
the normal law of hydraulics, as s expressed by: the continuity equation Qu =A ve 


zontal a 


1 sharp 
fitional ft 7 that depends for its value on the velocity of the water, as indicated by Ea. 26. 


|: Ey; Bernoulli’s equation then « can be written, starting from the critical section 


of the channel at the inlet and extending down the chute to the outlet. For 
rectangular chutes, increments of velocity are assumed and the length of travel 2 
zt: required to gain this increment is calculated by Eq. 17. The resulting veloc- af 
ey ities are then true water velocities, but such calculations yield wetted areas 
Ly less than those actually existing. a ‘The | actual cross section of air plus water 
~ in the channel can be determined by Eq. 24b, with the selection of a coefficient sd "I 


K on the data in Fig. 10, which give the ratio of air to 
for val ve ues of t Pe, eter - Re hannels other than rectangular, 


of calculation as outlined afford a rational solution of the 
Convex vertical curves must not be made sharper than the trajectory of the _ 
flowing water falling under the action of gravity as determined from Eq. 31, 
if the stream is expected to adhere to the bottom of the channel. ‘The portion a3 
of the water prism near the surface and in the center of the channel travels at ay ; 


a8 velocity from 15% | to 20% greater than the mean n velocity ii in the cross section — 


resulting the vertical between the inlet and point. of 
vertical curvature. — If the side-walls are of sufficient height to prevent over- 
~ topping, no serious consequence results from the jet leaving the bottom of the ete 

channel. ‘The evidence indicates that ‘more ¢ energy is ‘dissipated when the 


— 
bench | _ +» The initial entrainment of air depends to a great extent on entrance condi- ae 2a ea 
n, and | tions. With a well-designed entrance, the water accelerates uniformly, gradu- 
South 7 | ally drawing air into the water prism. This insufflation develops first along the eaoat 3 — 
4 
els will 
menon. — 
y short 
— 
factor. Stream, Delore applicauion in the equation, must Dé 
dfrom reduced by the percentage of air in the admixture. The retardation factors 
in the Manning or Kutter formula, obtained by using observed velocities and 
— cas areas, agree with those obtained in normal channel flow in similar materials, = = = = 
height «This relation is demonstrated to be correct, both in theory and from ae ee -— 
sion Observations. For practical purposes computations are simplified inthe design 
3 
afore 
ear the 
average 
iii 
lowing iim 
— 
beat, 
— 
— 
n in the 
ructure. 
itfound § — 
of from — 
— 
ae 


of the chutes may from m eavitation. po & Ati Weis 
around horizontal curves should be avoided whenever possible. 
a eee used, they should be installed at the head of the chute before the water has had E ine 
opportunity to gain great. momentum. On large channels they should ney 
Sap ppor y to gain y er 
ue . be used unless the p performance < of the water has been verified by) model tests, es 
Model tests are also desirable to check entrance conditions. The supereleva- _ 
tions of the, water surface on curves correspond with that computed by the a 
centrifugal theory as indicated by Eq. 32. In cases where the channel is too a 
wide with respect to the depth, a large percentage of the water will either follow 
ey around the outside of the curve, leaving the inner portion of the floor exposed, 5 é 
or in some instances the slope of the superelevation will not be uniform 
Ps the wetted section, due to the variation in velocities across the water prism, 
On sharp curves, if the computed superelevation of the water surface exceeds 
a ine a value of tan y = 0.120, the superelevation of the bottom is recommended. oy 
5 hua Moree experimental data over a wider 1 range of channel sizes and with varying rl 
degrees of roughness would add to the engineering knowledge of the phenom- 
enon of flow at high velocities. et ad. ob i 
field work on these tests was done under the direetion of the late C.E. 
- Grunsky, Jr., M. Am. Soc. C. E. Acknowledgment is made for the coopera- a 
tion of I. C. Steele, M M. Am. Soc. C. E., and F. R. George of the Pacific Gas and = 
 Bikoteie Company in arranging for the tests and for maintenance of uniform = 
flow conditions during the observations. Credit for the collection of the data 4 . 
_ must be given to those employees of the East Bay Municipal Utility District — 
; attached to the Hydrographic Division, who took part in the tests and ‘contrib- 
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Recess to the results of their tests on the Kittitas chute of the Yakima Project 
paper, but the complete original manuscript has been placed on file for reference 


By A RAL 18 Assoc . M. Soc. A M. 


general problem | ‘treated i in Shia paper is. the study of air entrainment 


an 
aa important method by ' y which ¢ air can be removed, and this paper er dn 
: to the \e ability of a hydraulic ju jump to entrain air an and d have it carried 


the flowing water. Quantitative ‘date, are presented ‘relating the 


characteristics of the j jump with the rate of air ener and also 0 data regardi 


the of j jumps in closed condui 


opera partly open gate the conduit flows on only full, and at the 
neiand a x the pocket a hydraulic jump usually occurs. The air may be removed, o 
niform Course, by use of an air rt valve; bu but this i ‘is not feasible if the e pipe line is u is under 
e date sub-atmospheric pressure. any | case, it is of interest t o know under wha 
istrict a -_ gonditions an air valve may be necessary or, if an air valve cannot be or is not “4 
used, whether the air can be be removed by the flowing water. — 
the hydraulic jump at the e end of an air pocket is a ‘com mon phe- 
_ Romenon, it was decided that the first phase ‘of this investigation should be 
eoncerned with the ability of a hydraulic j to entrain air. This paper is 
concerned with t this particular item. course, the entrainment 
q oe air by the hydraulic jump is not wae" sole item to consider in the general 


violent eddies of a hydraulic jump at an will 
“a entrain air and pump this air into the conduit beyond the jump. Whether all — 5 a 

se the air entrained by the jump will be carried along by the flowing water be- 

<=" yond the jump is another problem to be. , considered. Also the. problem | of the 

ee movement of finite bubbles of air in the pipe line beyond a hydraulic jump ¥ : 
be considered. This. may be the entire involved if the 

hes indicated that if the slope of the eonduitii is nok greater shen the hydraulic 

Be gradient, such bubbles will be moved along without any difficulty. He also 
discusses the use of the hydraulic j jump to remove air from conduits. 


8 Asst. Prof., Univ. of Iowa, Iowa Inst. of Hydraulic Research, Iowa City, Iowa. 


¥ Asst. Prof., Dept. of Eng. Mechanics, lvania State College, State College, Pa.; formerly Re- 


" by K. E. W. Ww. A., ‘Vol. 47, 1933, pp. 27-99 
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aud be placed at any slope up to 30%. Water was dissharned into it through 


saa 


line made of 6-in. transparent ‘ “Lucite” Was se set up in the 
_ The line was about 35 ft long with an ‘inside | diameter, ‘D, of 0.49 ft. The line Be 
‘a sliding gate, the head on which could be controlled; thus: the depth: and 
velocity could be varied independently. llisa photograph of the pipe 
the at a 30% slope. Note the hydraulic jump and the large volume of air — 
it, indicating the jump is pumping a large quantity of air. 4 


Sire The rate of air pumped by the jump was measured bia means of standard e 
orifices To maintain steady conditions air was supplied from an independent 
- source to the pocket above the jump at a rate equal to the rate at which the 
Bee jump was pumping air. At the lower end of the pipe line the water flowed 
_ into a rectangular vertical box open at the top to permit the esc escape of the air. = 
A gate on this box controlled the water level in it and thereby the aoe i ; 
on the pipe line. The rate of water flow was measured by calibrated orifices. 
Studies were made with the line horizontal and at slopes of 0.2%, 2.0%, 
5.0%, 10.0%, 20.0%, and 30. 0%. For any particular slope various gate open- 
| 


4 ings were used thus determining the depth of flow ahead of the jump. Anumber 
ce of different water discharges were run for reach gate opening. _ Water depth and 


Boner — were taken along the pipe line foreach run, The water flow | 
1ospheric 


ts 


2 

ae 


a 
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il: 


item did not have any influence on the results 8 since a higher or lower pressure Bs 


could have by or lowering the pressure on the 


letter ‘used i in this paper are defined where’ they first. appear, 
and are assembled for convenience of reference in the 
on Am > or Jour 


The results reported herein are for conditions i in which all air entrained 


tained are typically illustra ated in Fig. 12, whete tn is the initial depth, Qu is 
- the water discharge, Q, is the air discharge, and F; is the Froude number of 
% the approaching flow defined as V;/ Vg ye, where V; is the approach velocity, 
and ye, the effective depth, is the water area divided by the surface width 
The air pumped into the flowing water by the jump forms a large pocke 
‘ i beyond the jump which extends to the point where the air leaves the pipe line. 
Se For low water flows and especially at the low slopes : a ‘single long pocket did 
be not exist, but rather a series of relatively large bubbles was present, which 
moved downstream. Where a single long pocket did occur the water flow i in 
this pocket was at the normal depth for that particular slope. ee The air in this Bes 


; downstream pocket was under higher pressure than the air ahead of the ' — ap 


aR was decreased, a point was reached where the air pumped into the j jump ex- 

a ~ ceeded the rate at which | air - was carried along | the pipe » beyond the jump. 
Visually this critical point was quite apparent. — | The air pumped by the j jump 


= would form a large bubble just beyond the j jump. ~ This b bubble did not i 


ver the j jump causing g the j jump to drop then jump 
form and the process would be repeated. It appeared that for discharges 
below this critical 1 value t the average rate of air removal from the pipe line w was Fe 
ontrolled | by the flow conditions below the j jump ‘and not by the jump itself. te, ig 
at Considering the rate of air entrainment by a hydraulic jump in a circular & 
pipe, general analyses indicated that for geometrically similar conditions 
eeags depend on the water discharge and the intensity of agitation or turbu- 
lence of the jump . The relative intensity or violence of the jump is dependent oa 
n the initial Froude number, Fi, whieh} in open channel flow is found to be a : 


also 2 affect the air entrainment by the j jump; but this did not seem so likely. 
Dimensional consideration thus lead the fo following 
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AIR ENTRAINMENT 


‘Fig. 13). The air-water is plotted against since no 


jump “would occur when = 1, this: it ‘appears, ‘that the 
functional relationship of Eq. 33 can be éepredaol by the — 
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the! pipe line carried woe “discharged all the air the jump entrained, 
a For any value of y:/D, there was a value of the Froude number F; below which 
the would carry only part of the: air pumped into the water by 


os . 13 are for conditions i in whid 


is shown i in Fig. 14, 


bs 


Fis. 14. or Critica Froupe NuMBER 


a pipe line (see Fig. 15). In ‘most | of the runs at the higher Pevnte numbers, 
‘the conduit beyond the jump had one long pocket of air under pressure. a The 
- water depth in this part corresponded to the normal depth of flow for = 
~ particular water discharge and slope. Since the velocity of the air flow in 
this —* was ede low the frictional losses due to the flowing air were 


which to the pipe e line. This is well shown by the 


In some of the runs sid at the steeper slopes several consecutive stable 
jumps were obtained. © Obviously if they remained stable each jump had to ee 


the same amount of air. The pressure variation with several j 
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each jump increases the air pressure of each succeeding pocket; 
the pressure gradient still has a downward trend, as it must. The criterion es 
which determines whether two or more re stable jumps can form in a: series = 

” “depend on whether the normal depth of flow, ya, for any discharge and pipe pi 3 

= is less than yi. As the ratio of Yn to 1 decreases, the closer together will a 

be the jumps. Since each jump must pump the same quantity of air, the 4g 
Froude number of the flow approaching each jump must be the same, and 
= Qu is constant, this means that the depth of flow ahead of each jump 
must be equal to y, the depth at the first jump. Ife one jump has a lower 
initial depth than the jump next below it, the first will bay more air into the © ; 


I then move apart until the n for the second jump is the ; same as that of és q 
first. If the second jump has the smaller y; the action will ta reversed and — 


- oT jump it in a closed c conduit such as the one under consideration h hire can 


be : analyzed by the use of the momentum principle i in much the same ‘manner 

as is done with the j jump in open conduits. Knowing the initial velocity and “@ 
_ depth, the pressure in the pipe when the conduit flows full just beyond the - 
jump can be obtained. The use of the momentum principle | for the hydraulic mi 
jump in horizontal closed circular conduits was verified” by E. W. Lane, M, ~ aS 
Am. Soc. C. E., and C. E. Kindsvater, Jun. Am. Soc. C. E., in 1938. How 4 
the slope must be considered when applying the momentum relationship to 
| | jumps in open channels has been indicated* by B. teff, 
M. Am. Soc. C. E., and A. E. Matzke, Assoc. M. Am, Soc. C. E. | * 
Referring: Fig. 12, the gontral relationship for the present is as 


in | F, and F; are the total préseure in pounds at sections (1) and 


and M 2 are the total momenta of the water at sections (1) a 
and (2), respectively; W is the weight of the jump, p, and @ is the angle the 4 
conduit makes with the horizontal. _ The frictional effects at the conduit a a 
| walls a are neglected. - The: weight t of the j jump was computed from o observations 
Ree of the length of the jump, the area of the pipe A,, and the unit weight of the | 

wa ater corrected for entrained air. The method of eploulating the =e @ 

a) F, is the ‘product of the water ‘area ‘A, at (1) and the average 
. unit pressure, on this area which for a sloping pipe is  d; cos @, in which d, is _ 
“the distance, perpendicular to the conduit, to the centroid of A, and nd is 4 
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“Hydraulic Jump in Encloeed Conduits,” by W. Lane and C. Kindsvater, Engineering 


«Record, Vol. 121, 1938, pp. 815-817. 
= “The Hydraulic Jump in Sloped Channels, wi Boris A. and Arthur E. Matzke, Trans- 
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Pai is computed from ‘the measured value of the maximum pressure rise ie 


below the jump, pz. produ ct of the: pipe area and the average unit pres- 4 
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is equal to . V2, the. fact that at section (2) 


e entire conus is not filled with. water should be taken into account; this — 


ae ~ can best be done by letting the ares at section (2) be equal to “2. , in which | 
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Bi is the air-water flow (or vi vo lume) ratio. Therefore, 


| 6) W is equal to the product of the average length of the j jump L’, the 
seit wae of the : air and water mixture which can be expressed as ;- = 


Ini Fig. . 16 the two sides of Eq. . 35 are plotted, and the fact that the points 
group around a 45° line indicates that the data conform to this 4 


The scatter of the data i is due to difficulty i in measuring values like depth of 
flow an 


+ In any case the use of Eq. 35 is : verified and especially the use of the term 
‘W sin 6, since for the steep slopes this term was as much as ie of oo + 1s 


ion n the rate « of air removal from rh air oneraey ina a pipe line ¥ will —pamepe on the 
ty of the hydraulic jump which is formed to entrain air. _ This ‘critical 
condition, for a any slope of pipe and for any Telative depth of flow in the air — 


a o pocket, depends on the value of the Froude number of the flow ahead of the | 


jump. Below this critical value of the Froude number the flow beyond the 


the flow ahead of the j jump. empirical preted 


served length of the j jump, .% 


This paper largely summarizes a dissertation entitled “Entrainment of Air 
re - Pipes by Flowing Water,” ' submitted i in August, 1941, by the j junior "writer 4 
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pds = cross section defined by a a wetted perimeter due to ster 

= "an section defined by a “wetted perimeter due to water 


= observed cross-section on a 
= cross-section area defined by ‘the inner ‘surface of a ‘losed inte 


3 its: silvetbyd = 
oss section at ‘sections (1), (2), (3), are ¢ 


a = elemental area of a cross section; ‘i 


tat signe lo gaia = 
width of a trapezoidal 


= bottom width of a trapezoidal section; 


D = inside diameter of conduit; Froado = 
distance: d, = distance perpendicular t toa conduit, to he centroid of 
the area A, at section (1); pel 
= Froude’s number, subscripts referring to. given sections; thus d 
the Froude number of the flow approaching section (1); 
ce. J force; total pressure at a section denoted by : appropriate subscript 
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— 
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b = widt 
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of Air 
Air 
writer — 


he fon frictional resistance. of the channel walls for a cross-section area of 
elemental length; subscripts 1, 2, 3, ete., refer to the 


, = observed head; 10) to. ent o b b 
i i ‘sha = = velocity head, computed from the mean velocity; — a 
K = coefficient of air entrainment: K; = = constant for air entrainment; 
k= = coefficient of frictional resistance; 

hie ce L = total observed length of jump: L’ = average length of the j jump; 

= (see Fig. 9) length measured along channel bottom or closed conduit; 


x 


3 


= parameter of for trajectory of jet = ———— 
bin Ne = ‘computed roughness coefficient to be used with. R. and 


= computed roughness coefficient to be used with Reand Vs; 
?P = wetted perimeter for a mixture of air and water: 
computed wetted perimeter ofa section of water only; 


= observed wetted perimeter of a ‘section of air and water; 


4 
= = = alr discharge; cor 
= unit discharge; flow per foot of 


= hydraulic radius = A/P:_ 

Bak = computed hydraulic radius, VP. rare 


wis 


sine of angle between energy gradient and horizontal: pats, 


* 


| 


iow thes sine of angle between energy gradient and hc horizontal for d 


= sine of the slope of the bed 

= slopes of a trapezoidal section; 


approach velocity, or velocity of water section a 


ge velocity through an element of area; canes = 


we 
i= 
ii 
— 
—— 


W = weight of 
horizontal lengths referred to an ry horizontal compo- 


“Ye = 
ais lo” = normal depth of flow; tab oft ai ayers ot bn: 
vertical component of trajectory of jet; 

initial depth = depth at section nagis 9 


jaunt 
froivagihai aa at: 
6 ‘= angle of channel bottom or pipe with Be ip degrees; 


or ratio of water in a ‘mixture of air and water or the relative density 
=r 


= transverse of the. 


walls of a channel. 


10 92 ti 


4 ta ywiraded oft 


‘edt Aguodile , “atluaest to voaylenk” bei esd aM 


— 
ing 
— 
wel 
— 
nduit; 
surface between the inner and outer 
— 
— 


Jon. At joc. Cc. EH It is ‘safe to state that Mr. 


‘Hall’ 8 ; paper is is by far the most ‘comprehensive to have been published on this 
— and should prove a valuable addition to the present meager knowledge | 
oft the behavior of high velocity flow. 
‘The apparent inconsistency notable i in Fig. 10 may be caused by two factors 


to relate the of air in the flow to a parameter of 


fies 2 term as R,, attention must be called to the fact that the Froude number ——= VoD 

aoe, is an indication of the ratio of the kinetic energy of the flow to its ‘potential 4 


energy; it loses its significance completely if the linear dimension becomes a 


unction of the channel width. OF 


A second reason for the scattering of the points in Fig. 10 is the onthe 5 
attempt to find a single equation generally applicable to the wide variety of 
flow conditions « occurring in each channel. An examination of the data reveals’ 3 


h t, for the same value of —. , the percentage of air is consistently ‘greater : 


ue flow than for accelerating flow. Flow behavior at or in 


a a given wets can scarcely be more ie a crude approximation when applied 
to any channel not similar in plan and profile - the one for for Rie it was 

function of perhaps greater significance may developed by considerin 
tt ‘only points at which the flow was approximately in equilibrium, eliminating 
o data taken when the flow was rapidly accelerating or retarding and observations ’ 
are near horizontal or vertical curves. These data are of little value in the solution 
bse of the fundamental problem, and tend only to obscure the true form of the 
function. All data from the Kittitas: flumes are acceptable o on this basis, 
iL 2 iaah, obviously, normal flow was not attained on the slope of 0° 04’, zince 
it was less than critical. _ However, the rate of retardation was apparently 
“sufficiently low to have little effect on the air entrainment. Normal flow was” 
a approximated only near Station 2 + 50 and Station 2 + 75 in the Hat ( Creek 
oe and in Rapid Flume from Station 3 + 50 to Station 4 + a 


As Mr. Hall has implied (see “Analyses 0 of Results’ the 


*€ ee ~ number, it also should i depend to some extent on the channel roughness, since 
the latter will affect the intensity of agitation of the flow for a = value of F. 


of Math. and Mechanics, Univ. of Minnesota, Minn. 


ite 
— 
ii 
— 
— 


RE 


conlw 19 
Dio 


4 


uthor’s d 


riety of 


olution 
. of the 


 @Kittitas2 
Rapid Flume 16 wk 


16 


6 8 + . 


hese 

— 

— 


The actual form of the function appears to be 


is the of air and F the Froude number 


yughness 


of the 7 indicates that K has a value of 0.178 for Kittitas 1 
a | and Rapid Flume, and a value of 0.227 for Kittitas 2 and 3, the value for Hat 


a 


Creek chute apparently lying between these two. Val 


indicate thap point at which air entrainment for the particular 
channel roughness, and values less than unity evidently have no meaning. — e 
- The form of Eq. 39 indicates a simple relationship between yo, the tbe Het 
of flow, and gw, the water discharge per unit width of channel, for ye 


ane ae the values of K from Fig 


‘tas fe of = 0. 372 

These functions are plotted in Fig. 18 and show a Noss agreement with “5 
actual measured depths of flow from Mr. Hall's data.) \ 


as Fong remains to evaluate in terms of the channel roughness, the infor lee ‘ 


A 


E Re 


be some correlation between the values of K and wainen of nas computed by ie 

the author, but that these n-values are the same as s would be be found for sub- 

critical velocities is by no means certain. Indeed, the validity of the Manning 

formula for high velocities is scarcely more than an assumption on the part 
of Mr. Hall. For a given slope and roughness the Manning 2 ia Wa may be 


plot of against Ref from the author’s data reveals that any any value of 1 from 
y great 


closing discussion Mr. Hall makes this constant K, to it from K in Eq. 
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establish the aii of the line with any degree of ‘certainty. N either i is the 


fact that n is s relatively constant for — channel of ‘great significance, as the 


Values of 


05 

Val f Fi 


Eq. 


41 should prove adequate for the design eae 


However, in of these facts, 
of straight: chutes at’ uniform grades, the relatively small variation of the 
Ae ou efficient making its selection of no greater uncertainty than that normally © ake 
| % encountered in the choice of nr For nonuniform flow conditions, and in the 


Mr. Hall will undoubtedly prove of arent | 
R. KENNISON, 3 M. AM. Soc. ©. E.—The experiments reported in 
a paper e and Robertson n throw considerable light on the 
behavior of water ii in eliminating air pockets “ule the high points in pipe lines 
? and the authors are to be congratulated on the results of their work. From a 
«study of these results the writer believes that the action of flowing water wie 


geri particularly in the removal of air “ successive hydraulic j jumps, can be 5 


in to on open. up shies spacing at the flatter ones. 0 ui 
© . The additional vertical scale at the extreme right i is a convenient criterion 
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s the condition f : | 
ay be represents depth of diameter D. The vertical scale 
seale, the slope of the pi shown at the left, and the horizontal 
the pipe expressed as the sine of the angle of slope. 
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Pare Aa P discharge at which the Froude number, F, or in the Symposium nomen- 


eee. 4 clature, equals 1. This scale of relation between depth, rate of discharge, and 
Froude number is independent of the slope or smoothness of the pipe. In 


nm considering the capability of the water to remove air, this criterion is particu- 


a i larly important for showing when the flow is subject to surface waves of con- 4 
siderable height. As is well known, such waves can occur very easily, in any 


kind of channel , where F= 1, as the condition critical discharge is 
std approached. _ The reason is that it takes only a very slight disturbance of the — 
ES pressure-depth relationship—easily disturbed at this unstable stage—to pre 

Is Hh the same total energy with wide variations in the depth. For example, 


ei = Ea a is 1. 1.’ The same is true for a discharge of 3. 5 flowing 0.8 full. In 1 any kind of x 
an channel, waves once started under this condition would tend ‘persist, but 
= inside a circular pipe the rapid and accelerated narrowing of the width as the 
aie Be depth increases, and even the effect of surface tension, tend to trap large air 
bubbles. Hence, regardless of the slope of the pipe, one would expect a dis- 
_ charge as s great as this relative to the pipe diameter to aise little difficulty i in 
trapping and large quantities of air. 


Normal Discharge for Any Depth and Slope, Assuming V= Assuming V=100./RS 


Be The effect of slope i is indicated by the lines : running , diagonally across the 
4 ae aie chart i in Fig. 19, and identified by the scale at the top which shows the normal 
for any depth and slope. The latter are computed for a value of the 
‘coefficient, in the formula | VeC VRS RS, of 100. For ‘smoother pipe, the lines 
wat be moved a little to the left, and vice versa. As air accumulates for any 
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this ortete point cannot drop lower than is indicated by these lines. * Introduction 
of more air merely increases the length of the bubble. For example, if the — 


a pipe i is on a = of | 0. 03 and | the rate ¢ of | discharge i is 4 De 5 the chart indicates a 


Kalinske and Robertson have obtained information as 
the of the hydraulic jump to pump air 


Ine the terms of momentum Eq. 
Ps. authors have omitted from Eq. 36 the factor 8, or relation between air and 
water quantities. In considering t the case of the jump barely filling 1 the pip, : 
ae the writer has considered the pressure, that is the air pressure in the bubble, Pane FY 
the same before as after the jump and has considered that the: total pressure 
on the full pipe section can be represented by the formula usin 


The writer has used this form together with the va values of 8 sl shown i ‘in Fig. 13 


in solving the jump formula. ho to hod tees aouil 
we In computing the characteristics of the hydraulic j jump capable of just — 


ie situation, seems s sufficiently accurate for - practical | pusposes) that the length 
of the jump is twice its height and, ‘using th the Symposinm nomenclature, the loss 


The Teason for taking length of jump equal to 2 head _ va) i is to be on the cafe 


would the three times the height. Note that the use 
= this multiplier 2 in the formula for the hydraulic jump in a sloping rectangular — 
4 channel gives a value | of the depth after the jump approximately 97% of that 
for the 1 multiplier 3ona elope of 0.05, and about 93% on a slope of 0.10. nesta. 
eh. The results are plotted in the series of almost horizontal curves running sas 
:. across Fig. 19, but a little higher at the right and identified by the vertical scale tr 
in the body of the diagram. For example, if the slope of the pipe equals 0.03 ae 
= and the water is flowing at a depth of 0.55 D, it cannot jump to the e top of the in 
pipe unless the quantity ‘flowing i is at least 3 (multiplied by D**)._ Thus, the 
" Iatereotin of the two sets of curves marks the limit of the capacity of the 
hydraulic j jump to fill the pipe and hence to trap any air and carry it mpl 2 a 
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ie o pipe; namely, three limiting lines for C = 100, 120, and 140. These show not s| 
z ie only the inability of any jump whatever to form below a certain slope, but also 
the fact that, for a slope in the vicinity of 0.01, the depth at which a jump can a 
Oh form tends to be confined to a limited range, about two-thirds to three-fourths YS. 
ae depth. - ‘These curves also show that, under no possible conditions of depth ‘i; 
ee am and rate of flow, can a hydraulic jump form inside a pipe if the slope of the pipe m 
eo Fig. 14 appears to be merely an expression of this capability of the j jump p to 
rs fill the pipe. For the low depths, it shows discharges so great that they must & 3 
oe. be produced artificially. Other curves in Fig. 19 running almost vertically, 
Ne with their tops bending to the right, show the value of the Froude number, F, 
for the condition of normal discharge at any depth and slope. They are 
puted for a coefficient of roughness, C, equal to 100, and, as in the case of the _ 
* lines for normal discharge, they would be moved somewhat to the left in case 
_ of & smoother coefficient, and vice versa. For example, these curves show — 
sf ee that for any condition of normal discharge throughout a wide range of depths — 
i = (say, from 0.3 D to 0.7 D), there can be no hydraulic jump in any event unless is 
= slope is as much as 0. .0045 and 0.007, respectively—a little less for the 
smoother pipe. Even though, ata slope ‘somewhat greater than these, a jump 
ic does form, it cannot reach the top of the pipe unless the slope is enough greater _ 
to fall inside the lines marked “limit of ability of the jump to fill the pipe.” 
a study of these and other laboratory test results, in spite of the 
_ Reaceetle considerations summarized in Fig. 19, there seems to be a limiting oe 


4 


4 


a Bs. lower limit at a depth of about 0.25 D to 0.3 D * athe a additional loss of energy & 
appear to be in the piling up at the sides in a manner ‘entirely different 
from that in a rectangular channel. Other than the important trapping of air 
at —— due to surface waves lapping the top of the pipe as described herein 
rates” of discharge equal to 3 D> or 3.5 5 Fig. 19 indicates that in 
¥ i very smooth pipe a rate of discharge « only slightly more than 1 D*5, if the slope 
mete ae is at least as steep as 0.02, could successfully pump air from one large bubble 
another with a drop in bubble to a depth of about 0.3 D. Diss | 


= A oy? Rig. 19 also indicates that in a case of this kind, where each jump barely : 


- <hes be makes a seal at the top of the pipe, as soon as sufficient air is removed to de - 
y eS crease the thickness of the ‘air bubble, the discharge ceases to be sufficient to a 
ae aos jump to the top of the pipe, with the ‘tewult that the seal is broken. Accord- 
F ingly, ‘until further data are available from tests, the writer concludes ane 
ff point not emphasized by Messrs. ‘Kalinske and Robertson) the hydraulie 


ae vs alone cannot-be as effective in cutting down the head loss in a , downward vs 


. 


es; ~ A In either case the air ‘Pressure in in each individual bubble i is greater than that in 
— one behind it, the difference being measured - Be the difference between the 
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= sloping stretch of pipe line as is the trapping of large bubbles by surface waves. ‘ _ 
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bi tween the slope of the pipe and that of the hydraulic gradient. In such a case 
oa the air that reaches the high point of the line flows out at the bottom of the oe 
Fe slope without the hydraulic jump or any other water action lending any o 
material assistance in cutting down the head loss. 
lites approach. of Messrs. Kalinske and Robertson to the problem has been o 
analyse the behavior of the hydraulic jump in the pipe and its power to — ie 
pump air. _ Nevertheless, o - should not lose sight of the fact that the ultimate ; 


ese matters is not just’ to remove air; 

Sir but to remove it so as to a the mneut effective saving of head, or to prevent yee 

_ air binding. It would be most useful to have a graph showing the relationship 

# between (1) the slope of the pipe sine with the slope of the ie 0.9% 

padient, (2) the discharge pore with the diameter, and (3) t the 


relative quantity of air r removed. than 90. te bait 
‘The part played by the hydraulic jump in such removal has been most 
analyzed by Messrs. Kalinske and Robertson. 
T. Kwarr,* M. Am. Soc. E. —The entrainment of air by high- 


the little is /known. Mr. Hall is to be congratulated for his contribution, both from 
limiting observational and analytical standpoints. He deals not only with the air 
son that entrainment problem, but also with the general problem of high-velocity flow 
invert. around horizontal a and vertical curves in open channels. The writer wishes 
comment briefly upon, first, the flow around | orizontal curves, and, seenpd, the — 
problem of air entrainment through the free surface of the flow. PASTE 
High-Velocity Flow around Horizontal Curves. —Until quite recently, little 


attention has been given to curvilinear flow i ‘in high-velocity. open. channels, 


d herein : f Since Mr. Hall has not presented the concepts of this regimen c of flow that t have 
ins § been found useful, a brief review seems to be in order. 
e slope _. When applied to the flow of a liquid i in an open channel, the einai gh- 
Velocity flow,” means flow at a velocity greater tha than the critical, or the 
velocity for | that particular depth, » The velocity 0 of a surface is the ver 
p p barely locity of propagation of a disturbance; that i is, & force through the flow. In 
tode flow around horizontal curve in an an open channel (‘*horizontal” is used, loosely 
icient to - in the sense of being ‘‘in the plane « of . the undisturbed. surface’ ', the walls of 
“Accord the channel. the ‘adjacent layers of liquid to move in curved paths, In 


flow that i is slowe er r than the wave » velocity, these. forces are | transmitted. across: 


and along the channel at a speed sufficient to permit equilibrium to be ‘estab-— he : 
liked between the centrifiigal forces, resulting from the curved path, and the 


Associate Prof., Hydr. Eng., California Inst. of Technology, Pasadena, Calif. 


_“Curvilinear Flow of Liquids Free Surfaces at Velocities Above that of Wave Pro; tion, 


Int in designing to this end. The — 
oother there‘is no saving of head loss and no po ftheslope 
tinuous air bubble from the top to the bottom of the slope 
ywnot case of one long, continu canse there ia no difference 
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surface. “This is seen to Be attained at a cross tlope of 

(Eq. 32). Unfortunately, this equilibrium condition does not hold for 

tions of supercritical flow. The reason for this is clear. In low-velocity curvi- 

Be ‘ig eA linear flow two forces act on each liquid element to cause it to travel in curved i I 

paths. They are an “over-force’’ from the superelevation on the outer wall, 
me, and an “‘under-force” from the depression on the inside wall. This is possible le 


=f _ only because the wall effect travels faster than the flow. In In supercritical flow 


this state of affairs no longer exists. _ The effect of the change of direction of 


Zz ene the wall is no longer felt directly across the channel but propagates laterally : 

only at wave velocity C. Thus it crosses the channel at an angle 

a a _ which means, if b is the width of the channel, that the effect reaches the opposite - 


n 
pie. Bron chovghy ot ppmewhat greater 
Li: For a channel radius curvature i is r, this corresponds to an angu- 


+ 


+ 


In this distance all of ‘the force required to cause the water t to follow the curved 
path was supplied by one wall instead of by equal forces from both walls. 
Therefore, the pressure rise (the r rise in ‘the water surf face at the ‘outside wall) 
ae ie keeps increasing until it is about twice as high as it would be for a flow at the ee. 


ss Same velocity, but with a depth sufficient to cause the critical velocity to be 
above the velocity of flow. ‘This is maximum pressure corresponds to 
gross slope, which is twice that given by Eq. 32: 
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ao 
co 
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i in crossing the (Eqs. 47 a nd 48), the superelevation is 
i great; so it decreases, leaving a maximum at this point. The subsequent — 
history is easily visualized by considering that the behavior of the surface is 
thou ught of as a wave train oscillating about the equilibrium depth, given by e 


: 32 with the oscillation having a wave length of 2 0, and an amplitude ot 
The alternate ‘Maxima and minima are formed on both the outer and 


inner walls. The disturbance train persists into the downstream tangent with 
ee magnitude depending upon the relative position of the last maximum in the i 
-eurve. This behavior in the curve is shown in 8, in the last 


= 
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E “Rg. 7 the characteristic diagonal path of the oscillation is plainly visible. rs 

: - can be traced twice across the channel, beginning on the right wall at the last 
‘maximum in the curve, crossing ‘diagonally to the left wall of the downstream 
tangent, and being reflected back again to the right wall, which iti is ee: 


Since the effective cross slope varies from zero at the beginning of 
ture to twice the value given by Eq. 32 at the points of maximum on the outer 
wall, and actually may have a negative slope at the minimum points, it is not 
- surprising that points 1 were found in the South Canal chute that verified Eq. 32. 
Indeed, as previously stated, this is the equilibrium slope, but it would be 
_ disastrous to design the channel freeboard on this basis. 
_ Arthur T. Ippen and the writer?’ | have’ shown that this oscillating dis. 
turbance can be eliminated in channels of rectangular cross section by the use 
oof compound curves, in which the central curve, irrespective of its length, is 
preceded and followed by circular transition curves, each one-half wave length — 
; ¥ long, | having m mean radii twice that of the central curve. These transition — 
— eurves can be thought of as producing counter disturbances of the correct 
and phase to interfere with and eliminate the  oscillations—first, 
in the curve itself, and second, in the downstream channel. ‘The same results 
ean also be obtained by transition curves accompanied by banking the channel 
Sold many cases the use of these concepts and methods will eliminate the 4 
for the model tests recommended by Mr. Hall. However, for complicated 
constructions involving divided channels and accelerating flow, model studies 
curved ; of _ will certainly be helpful. In such cases the work must be done with extreme ey 
1 walls. gare to simulate both depth and velocity very accurately, since the wave pat- ri: 
le wall) oa tern, and therefore the acceptability of the design, is so very sensitive to 
ratthe variations of these quantities. tn ait 
Mechanism of Air Entrainment.—In studying the phenomenon of air en 
trainment in open-channel flow, the writer has found it convenient to ‘analyze 
‘the physical nature of the” i” 


is accomplished through the medium 


‘conditions under which waves will break were delineated by H. Helmhols* in 


sequent he “nineteenth The physical concept behind his analysis is that 
irface 
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‘a wave phenomenon. More exactly, it 
— 
- (namely, the differential velocity between the water and the air), lose energy, ee ii 
decrease in amplitude, and finally die out. However, waves that travel slower \ 
_ than this differential velocity pick up energy through the interfacial —_—w |! ae 8 
— 5 build up their amplitude and finally break, entraining air as they doso. Thus ie —_— 
entrainment is a surface phenomenon and, because of its very nature, is 
restricted in general to velocities of flow above the critical. — 
Abhandlungen,” by H. Helmhols, Leipzig, 1882-1895, Vol. 1, pp. 146-157. 


) Since the relative densities of air and water’are about 1t0°800, a very power- 
ful tendency for the air to separate from the water beginning with the momeit 


5 ne of entrainment is always present. The mechanism that carries the air down- ey 


-posing forces. There is a direct analogy between this transport of air and 
_ sediment transportation, with the air bubbles taking the places of the particles — 
se of sand and silt, and the tendency of the bubbles to rise to the surface soplaiiak a 
3 the tendency of the sediment to fall to the bottom. In the case of sediment _ 
' transportation, , the concentration is far | from uniform i in the vertical al direction, g 
even for laboratory conditions of uniform-sized particles. - For coarse e materials, pe 
eh little will be found above the bottom layers of the flow. On the other hand,a 
; coe much more even, but still nonuniform distribution will be found for the trans 
aor portation of Gne. silt and clay particles. Much the same conditions. will be 
found in air transport. The depth of penetration of the air below the surface — 
— will depend on the size of the bubbles and the level of turbulence. Large 
2 re bubbles will penetrate less than small ones. The air concentration | must be a 
Me ‘greatest near the surface and may decrease to zero before the bottom is reached — 
if the flow is sufficiently deep. 
~ Taha Since air entrainment occurs by mixing across the interface, help ii in under 
standing jit can be obtained through the study of other types of interfacial 
‘mixing. This phenomenon is greatly exaggerated and. presented in “ 
_ motion” for ease ‘in observation in the case of density currents in lakes and 
_ reservoirs. A recent review of ‘the general behavior of density currents has 
been presented by H. S. Bell,?® with whom the writer has been working le 
_ Several yea years. A further discussion of this subject was presented by the writer 
the Second Hydraulics Conf erence in Iowa City, Iowa, June, 1942." Studies 
a a interfacial mixing of density currents in ‘the laboratory show that the mixing - 
is largely restricted to the upper layers of the flow and the bottom layers =e 
relatively undisturbed. Furthermore, the mixing zone ‘soon forms a second 
ae density | flow which travels on the surface of the first and moves at an 
intermediate velocity between the bottom current and the overlying; liquid. 
+7 This intermediate layer acts as a | buffer to inhibit further mixing. It seems 
wai very probable. that a similar situation exists with air entrainment in open 
channels, Here the layer of foam is the overlying _ Since the density 
this, t. 
ata velocity much nearer to » that of the water than to that of the: air, fs _Never-— 
_ theless, it is suspected that this velocity is definitely lower than that of the 


Because of the nature of the mechanisms of air entrainment and trans- 
portation, a nonuniform vertical distribution of air is to be expected. There- 


er 2 “Density Currents as Agents for Transporting Sediments,” by Hugh Stevens Bell, Journal of Otet 
Proceedings, Second lows City, Iowa, 1942 (publication pending). 
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velocities and low. depths such as those reported by Mr: Hall. 
st 2. Air entrainment is basically a phenomenon of breaking waves which 
“i obtain the energy for breaking from the relative velocity between the air and 
a the water. 3 Therefore, the amount of air entrained probably will be affected 
by the magnitude and velocity of the wind at the surface of the flow. | 
a » | 8. Waves will not be initiated simply by the high velocity of the flow. 


43 Initial disturbances are necessary to ¢ cause wave formation. Typical sources ce 


of such disturbances are (a) channel roughness, which affects the level of 
_ turbulence, (6) uncompensated curves in channel, Ac) local irregularities, and 
(d) turbulent structure of wind if velocity is sufficiently high. | feyo da oldizaog 
4, Neglecting local disturbances, channel roughness should be one of the 
“most important factors i in air entrainment and transportation since it deter ; 
‘mines the turbulence level, which affects not only the amount of surface. 
disturbance but also the depth of penetration of the air, 
Foam of upper layers probably travels slower than 


unreliable and underestimate the true —— The color method used in “Ae 
riments quoted i is subject to this question. 
ss Since the entrainment and transportation of air and sediment have me 
y many points i in common, it appears that parallel treatments should d yield saan d ae 


-” It will be noted that not all of the foregoing conclusions ‘are completely 


compatible with the assumptions and treatment used by Mr. Hall. 
role botgorioo .pal yd at lunigito ot b boilqae 


Cart E. KINDBVATER, Jun. Am, Soc. C. E.—A considerable portion 


the paper by Messrs. Kalinske and _ Robertson i is | devoted toa study of the a 
hydraulic j jump in enclosed conduits. Data obtained from j jumps in a sloping 
pipe verify the application of the pressure-momentum analysis to ‘that phe- 


eee ‘substantiated for the hydraulic j jump. in harisantal enclosed conduits. Iti is 
interesting to to note that the experimental data plotted i in Fig. ‘16 show a a 


ler the “force | plus momentum” after the j jump. to be. less 
the sum of the initial pressure and momentum, ‘Three explanations were 


offered by the writer: First, because of the nonuniform distribution of veloci- 
; ties i in section (2), the computed momentum, based on an assumption of uniform 


draulic Sem | in Enclosed Conduits,” by Carl E. Kindsvater, a thesis to the 
Universi owa, lowa ity, Iowa, in 1936, in partial fulfilment of the requirements for degree of 
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100 or ne Velocity, 18 Less he true Momentum in the 
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KINDSVATER on AIR ENTRAINMENT 


“the true wit of the water is somewhat greater than the average velocity 
based o on the total cross-sectional area of the conduit; and third, of 


= 
ae a series of carefully conducted pitot-tube traverses in the region below the 
sagt jump. It was shown that the nonuniformity of velocities in this section could 


be eee to account | for an increase in M 2 of not more than 2% 0 or ae dy, 


‘ 


{ 


‘eonsiderably improved relation. the theoretical curve, but there is still 
slight tendency for F: + M; to be somewhat less than, 


4 _ The third explanation for this discrepancy is extremely difficult ‘to evaluat 
the writer's study, — was the loss of head due to boundary f frie- 


ian 


tion between the section where the ' pipe first flowed full and the seton core 


Toss correction was based on Manning’ s for pipe flow, using measure 


oe to the concentration of velocities along various of the pipe are 


It is quite true that the discrepancy shown in Figs. 16 ‘abd. 21 is of ‘small 

practical importance. It should be emphasized that the question is largely of = 

3 academic interest and in no way should invalidate the application of the pres- _ 
sure-momentum analysis to practical problems. 

 _ It is gratifying to note the success with which Messrs. Kalinske and Rober . 

son son have applied a simplified treatment of the we ween term i in Eq. 35 for jumps & 


‘the 9 me ‘the jump, is def is defined as 


sly the 108s O1 nea 

; f the 4 
ig. 20 shows a comparison 0 
's origin 
writer's orig 
— 
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ately equal to. the total observed length bf the jump, 


“Batvay bout values of — , app parently it would be quite inaccurate when — 


"approached the magnitude of D. | The length term is ‘especially critical when, a 


jor 


ware 


<a 


as di out by the authors, the slope i is stee “P and W becomes a large factor — 
Since a {ogearaouh treatment for the hydraulic jump in sloping channels, 


practical only when data are available. for computing the total 
dength of the Numerous studics™ on the hydraulic jump in:open chan- 


8 “The Hydraulic Ju Jum Terme ms of mamic Similarity,” by Boris A. Bakhmeteff and Arthur EL 
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pouma ON AIR ENTRAINMENT 


Brewer as a function of Froude’s number. A similar relation might have been .' 
- developed for the j jump in sloping enclosed | conduits. — It i is of interest to in- | 


i 


ve 


vestigate the approximate form of the latter relation by further reference to 
writer's data on the hydraulic jump in horizontal, circular conduit, 


for flow in open channels or flow at partial depth i inen- 


& 
@ 


ae 


~ 


es 


ee Pipe Flowing at Partial Depth at Section a fg 


| 


= 


are shape to curves for the hydraulic j jump 


es open rectangular channels. However, apparently due to the circular cron” 


ie Section at section (1), the length ratio varies considerably more with y; than — 
we with Froude’ Additional data for this study, for various slopes, 
Ve _ initial depths, and Froude’s numbers, would be essential for a complete trea ‘2 
of the hydraulic j jump in enclosed conduits. A 
Sao J. H. Douma,™ Jun. Au. Soc. C. E.—The past half century has witnessed 


construction ofa number of major structures in which the 


aby 


Jee 
| 
Bee ae onduits) is plotted against Froude’s number. These dat a 
toinad from tests on three different initial denths—». — 
ty 
c 
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ott 


ro 
witnessed 
problem 
y charac 


gineering 


udgment, upon empirical formulas, and, in the past decade, upon 1 hydraulic 
juag 

models. Engineering judgment h has ‘besa developed | largely through the 


pOUMA. ON AIR ENTRA 


process of trial and error. Empirical formulas have been on 


still irrational, the study of air entrainment in flowing water gives promise of 


effecting t! the next major advance in the e design of hydraulic structures. 


The results of studies on open channels, as, s outlined i in Mr. Hall’s paper, 


without consi eration of entrained air, ‘Another conclusion is | that the 
hydraulic design of channel walls, horizontal curves, vertical curves, super- ; 


elevated inverts, and stilling basins should based on new design 


ined 


was intended for use with uniform flow in natural streams and ‘im 
-dhannel with small slopes an and low velocities. 1 . Under | these conditions there 
tae } undoubtedly ve very little resistance to flow from the water-air surface. ~ How- w- 


“tional losses which are not included i in the Manning formula. . Thus, application oe : 


oof the formula to high-velocity flow requires some modification to include losses 
ae due to air entrainment. - Discussion of the variables in Eq. 50 will clarify the 
development of a suggested modified formula. 


In the: Manning formula, the velocity vs varies as the square root of the 


will be parallel to the channel invert, ir ir respective of air content. es Thus, en- 


trained | ‘air has no éffect dn the hydraulic gradient of uniform flow. 
+ nonuniform flow, however, the hydraulic gradient is not parallel to the channel — 
invert but is s function Af ‘depth, velocity, and air content for any give: 
velocity varies as the two-thirds root of the hydr ulic radius. Then, 
3 - according to the formula, an increase in air content and a corresponding larger 
- hydraulic radius would result in a higher velocity. This result is quite we 
Values. of Manning’s roughness factor have been for many 
channels with various kinds of boundary inatetials, but with low-velocity flows 
containing no entrained air. ~ ‘Under these se conditions, the value of nit is ban 
_ Measure of the channel- boundary roughness, as defined by resistance to the a 
flowing water. ‘Entirely new sets of n-values, which would include air resistance 
f pio other losses due to to entrained air, , could | be determined for aerated flow 
rie This procedure, however, would result in a variation in the n- -value, depending 
_ on the air content, for any one channel roughness. It does not follow that a 


concrete channel lining, for instance, placed under similar “conditions on a 


hydraulic gradient. For uniform flow on any slope, the hydraulic gradient 


uit, 
onduit. 
th ratio 

j 
h in en- 

— — 
conclusive In showing thay depths and Velocities 1 steep chutes and spl 
channels cannot be calculated by the usual application of Manning’s formula, 
— 
60) 
| 6) 

ction (2) | 
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Th, 

ate treat- 
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ep slope, ‘should have a factor different ftom. ‘that placed on a 
The expremic on 


n correspond to the of Kutter’ sn. For aerated the 

‘ean be changed to zim whi hich v: alues of n are the same as s those established © 


for nonaerated flow and. Ni is a function of air By this procedure, the 


- original d definition of n (measure | of channel roughness) is retained, and the 
effect of air entrainment on the expression is given by the variable N.. 

Of the several methods of modifying Manning’s formula for application’ to 
fe ‘aerated flow, Mr. Hall has selected, as the most logical, one in which computed has 
pee areas and hydraulic radii (assuming no entrained air) are used instead of actual _ x Bs 


eas a nd hydraulic radii for the aerated flow. This necessitates the use of 


co 


areas an 
ar ~ hypothetical values of n (ne, computed by Eq. 26) s smaller than those normally | 
used for nonaerated flow, as opposed to results obtained for aerated flow when — 2 

observed hydraulic radii are used in. the Manning formula. 


tied It appears that the most logical procedure for aerated flow would be to 

compute actual velocities by using actual hydraulic radii and hydraulic 
gradients, values of n for nonaerated flow, and a variable N instead of 1.486 __ 


in 8 formula. The modified form of the formula then becomes 
. 


Using Eq. 51, the expression, Eq. 17, for’ flow in steep rectangular 


fitgdilo 


InEq. 52, Rand. N are | f of air content. The: equation 


an be solved by determining expressions for R and N in terms of V and kibwh s 
ae In developing the expression for R, the data reported in the paper were > 

used to plot percentage of entrained air, against , shown in ‘Fig. 23. 
= te nenneee differs from Fig. 10 by the use of u instead of the more complicated Pies 
and by the use of the hydraulic radius of the aerated flow instead fs 
tt the computed hydraulic radius of water alone. Mr. Hall erroneousl ly uses 
as the Froude number. “The number i is normally defined as. 
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The» average ofall: plotted i in Fig. 23 found to be given appros 


oh 
in accelerated high- velocity flow then. becomes 


a a value of to 1, 0, for 

‘example air r entrainment would begin when the is approximately 13 ft 
_-persec. For a greater. depth and a value of R equal to 5.0, air entrainment 2 


v Sa would begin when the velocity i is s approximately 28 f ft persec, T hese velocities, 
Gin general, are consistent with the meager data available on critical seedy 


for air entrainment, Additional observations, | however, may indicate neces-— 
wae 


modifications of Eq. 54. add ai wie iib wt 
In Fig. 10, Mr, Hall has drawn all but one of the curves through the origin 


f coordinates. This procedure results in the > computation of some air entrain- ; 
ment for very low velocities. “bs ‘of the. curves should probably be drawn 


a finite val value “by ‘the critical velocity for air en- 


pe. -trainment, when ratio P is‘ zero. 
Om first inspection, the wide ‘scattering of points in Fig. 23 would seem to 
cast serious doubt on the ofa single average curve to the several 


velocities of the aerated flow. In: view of the difficulties i in accurate 
ar depth and velocity measurements, errors of 10% certainly are not excessive. — 
agit _ Because of turbulent entrance conditions the points in group. A, Fig. 23, 
high percentages of air. In group B, the high percentages of air are 
4 :. caused by flow leaving the chute at asharp vertical curve. The low air content 4 


a of the group c points appears to be due to errors in determination of observed 
‘The observed data listed. in Table were taken from the Bureau of 
8 second progress report (onpublished) on studies of the flow of 
ee in open channels with high gradients. In this report the average ob- 
served velocity was determined from the by taking the time of 
eee travel between two sets of electrodes, as 8 given by the distance between centers : 
es of gravity of areas under two successive curves representing the passage of a 
: oe salt cloud past the upper and lower stations. In the first progress report 
(unpublished) the time distance obtained by averaging the distances 
between 1 beginning, maximum, and d other characteristic points on the curves. 


Velocities determined in the first ] progress report and 24% higher han 
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practically all of the plotted points fall within these 
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a 


AIR ENTRAINMENT 


998 ph 


be 


0.020 


Manning's 


«0016 


© Hat Creek Chute 
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Kittitas Chute Second Progress 
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ae ~The data Kittitas. date from both progress reports a are plotted i in Fig. 23, 


ee ‘The data from the first progress report, in n general, ¢ are e consistent with the bent 


a oe the critical velocity f for air entrainment in the Kittitas chute to be ap- 7 
indicat per sec. Photographs of flow i in the upper end of the 
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n Eq. 55, u can be eliminated as follows: The e basic a aerated flow formula, _ 


4 


ven by 3, is A In this equation, 
heb 
‘Solving 
Finally, b  wabstitution of Eq. 57 in Eq. 55, the following quadratic expression — 


r terms of and known quantities is sobtained: 


— (0.002 V* + 29 = 


Using the binomial theorem, values of Rin Eq. 58 can be determined for 
given channel and ‘design | discharge and for several values of ve A curve 
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In ddveloping an expression for obtaining values of N in Eq. 52, data for 
Bree. Hat Creek and Kittitas chutes were plotted in Fig. 24 to show the variation — a 
a i eet | B. of Manning’s n with air content when a an N-value of 1.486 is used for aerated ge 
: = am eee Hall states that values of n obtained from observed areas and = 
velocities of aerated flow are equivalent to those observed in normal channels 
: es -——— (nonaerated flow) . This implies that the value of n does not vary with | air 


Fig. 24, however, indicates a definite increase in n with an increase 


24 indicates (although not conclusively) that ‘the value of n would be 
a ee 0. 010 for the concrete chutes if the flows contained ‘no entrained air. This — 

mvalue is applicable to ‘smooth concrete « chutes. From the description of the 
Hat Creek and Kittitas chute linings an n-value of about 0.014 ‘might be 
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ap Using a constant value of n equal to 0. 010, the data used in plotting Fig. 24 

were recomputed for values of N. The results are plotted in Fig. 25. 
average relationship | of u and Ni is given t by: 


«Eq. 60 can be used to obtain values of N in the solution of Eq - 52. The maxi- 
um value of N is 1.486, when the » flow contains no entrained air, ‘and Ny 


ow 
i, 


decreases with increase in air content. | 
es . : Lied check the use of Eqs. 52, 53, 58, and 60 for aerated flow, hydraulic 3 


ee roperties computed by these equations for 395 cu ft per sec in Hat Creek chute it 
= are compared with observed values in Table 13. The comparison s shows good 4 

agreement except for the stations at the sharp‘vertical curve. 
With reference to the design of vertical curves to fit the trajectory of f high- 
na = velocity flow, the method described by Mr. Hall requires the coordinate system : 


to be parallel and normal to the slope of the chute upstream from the vertical 
By _ Experience has proved that computations of stations and elevations — 
on vertical curves are simplified by using a vertical and horizontal coordinate x 
a aa Referring to Fig, 26, the equation of the vertical curve is derived as 
follows: With the origin of coordinates at the beginning of curvature of the 
vertical curve, where the: maximum computed velocity for aerated or nonserated 


— 


be 


ow is V,, the horizontal distance covered *g the flow in time ¢ is given | “a 


and ir 

- Eliminatin ng t in Eqs. 61a and 610, the equation for the curve is 


a 
| 
€ 


“ibs suggested b by Mr. Hall, Vo, in in Ea. shoul be taken as approximately — 
ig of the curve. Fo 
short chutes Ve may be determined g Ho, in ‘Hy is' the total 
‘vertical drop. Eq. 61c then becomes alqine ebivorg of 


| std 


Eq. 32 for superelevation 1 in a horizontal curve is épitiosbie to tranquil flow 
but not to rapid flow (supercritical velocity). For rapid flow, the maximum 
-guperelevation is considerably greater than given by Eq. 32; and it is not 

‘ ‘uniform around the be nd ~—e has maximum and minimum zones which result 
from transverse wave fronts. In addition to the rise in water surface at the 
re wall caused by centrif ingal action, there is a rise or drop in water’surface 


‘caused by the attacking or receding wave “The maximum 


tion along the outside wall is given by ‘ 


TABLE 14.— CoMPARISON OF OBSERVED AND Compurep 


SUPERELEVATION IN SouTH CANAL CuuTe 


in feet persecond| 16.6 25.2 28.8 | 29.6 | 30.5 32.0 33.5 | 35.1 
Difference in Water | at Outside and Inside Walls, in 
Obse: 0.25 | 1.30] 0.90] 1.20 1, 15 1.55 30 2.75 | 2.65 
. .72 | 0.97 137 43] 1.57] 171 80 
L444] 1.64 2.31, 3.42 3.76 431 


verse wave occurred at each o the’ stations. z The observed values in ail cases 
are smaller than the maximum values. The maximum height of transverse 
obably did not. occur exactly at any of the stations listed. 


minimum height occurred near some stations. ‘The initial transverse wave at 


_ the point of curvature of the 142-ft curve developed by upstream curves is 


view of the complex w wave pattern that may. be: 
of closely spaced horizontal curves is located in a chute, the water surface ¥ a : 
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dinate retabulated in Table 14 for 
Pa 4 comparison Wi e difference in water suriace at the inside and outside walls 
ved as computed by Eqs. 32 and 62. Computed differences in the last line of the ie ee 

ofthe 

— 

(614) computed. Transverse waves at the beginning of a curve may either 
magnify or dampen the new disturbance caused by the curve! Fromthedata 

(616) 
a 
ig Testing Theoretical Losses in Open Channel Flow,” by J. G. Jobes and J. H. Douma, Otvil 


model should 1 be made prior to a “When, a has but 
one horizontal curve, or horizontal curves, spaced some distance. apart, the 
ae _ maximum superelevation can be computed by use of Eq. 62. The usual design % 
practice i is to provide ample freeboard for the maximum superelevation. over : 
the entire length of the curve and for some distance in the downstream tangent ae 
ie although the maximum superelevation will occur at only a few stations, 


Pox 


Model studies of 80 o designed would ‘Probably | effect some saving by 


costs. Superelevation i in Abt to with Eq. 32 will not eliminate the develop- 4 

ment of transverse waves, but properly designed compound “curves, which 

ee Amer produce disturbance waves of the same amplitude but of opposite phase f from g 
those produced by the 1 main curve, will reduce their height. 

design of hydraulic-jump stilling basins is another problem affected by 
2, airentrainment. The commonly vu used formula fo for jump height in a ahi 

™ in which d, and V; are the depth and velocity u upstream of the jump and d,is — 
si? ae the depth after the jump. Although Eq. 63 is not applicable to aerated flow, 

, a a formula for aerated flow can be derived by the same method. _ hod a 

Referring to Fig. 27, the formation of a stable hydraulic jump must be — 
accompanied by a change i in kinetic aasemnnensie from section (1) to section (2) © 


‘equal t to the difference i in due to hydrostatic pressures at sections (1) and 

(2). we The change i in kinetic momentum per second with mass flow, ~— 


of width in in a rectangular channel i is born curt ius 


resultant force between sections @ and (2), no entrained : air at 

F, = = (po d*; — 


«(64e) 
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‘Equating Eqs. 64a and 64 and ‘eliminating V2 by.u 
or jump with aerated flow becomes 


can be solved for dz by trial etter. 


a ‘The following sample computations are made to illustrate the influence of 


; eg entrained air on the design of ‘stilling basins: J Assume a design discharge | of 200 be 
cu ft per sec per ft for a wide spillway channel. Further, assume Vi = 100 ft See 


_ per sec as calculated by the usual method for nonaerated flow. Then d, = 2.0 


ft solution of Eq. 63 gives dy 34.2 ft. for purposes of comparison, 
=s ‘assume e Vi: = 80 ft per sec as computed by E Eq. 52 for aerated flow. Fig. 23 


Lael 


an air ‘content of which p = 0. From Eq. 64c, = 3.6 ft; 


total kinetic energy at ery (1), requiring a smaller dz depth for the formation : 
of the hydraulic j jump. The result is is a significant saving in stilling- -basin wall 
“heights, reduced floor thickness because of smaller uplift pressures, less ¢ excava 

Many additional experimental data and studies ‘by “number of hy auli 

engineers are needed to confirm the application of the aerated flow formulas. ae 
to steep chutes and spillways. 
he value of n, for purposes of design, and the use of liberal freeboard, further 
studies should probably be directed toward establishing | approximate general 


- formulas before much effort is given to complex refinements. = 


_ Jon W. Jounson,* Assoc. M. Am. Soc. E.—Valuable quantitative 


data have been supplied, by this. Symposium, to, & a field which. previously } has 
se been. discussed only in rather broad generalities. . The various data should 
_ prove important in future design problems where air entrainment is a factor. 
> abs Of interest to the writer was the last part of the paper by Messrs. . Kalinske zs, 
and Robertson, In. Fig. 16 ‘experimental data are shown to verify the. mo- 
‘mentum relationship for a hydraulic jump in a 6-in. pipe. . The authors 
at attribute the scatter of the points around a 45° line to the difficulty i in measuring 
values like depth of flow and pressure. The. fact, however, that most of the a ig 
points fall consistently below the 45° line indicates that experimental « errors 
ate not entirely the cause 0 of scatter but suggests instead that some other 
factor may have been in error or was neglected i in ‘developing the. equation. hot. 
Keir dh possible explanation of the consistent shift of the points to a position — 
_ below the 45° line is the fact that the air-water flow ratio, B, may not, haye E 
had the same value as the air-water ratio of the mixture (hereafter termed A). 
4 This later ratio refers to the mixture as actually existing between two points 
in the pipe immediately below the jump where the pipe is completely fil filled = : 


with the flowing mixture. The two ratios 6 and A have equal values only 


Asst. Prof Mech. Eng., Univ. of California, Berkeley, C Calif. 
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| 
thes air and water are moving | at the same When the air and 
water are not moving at the same velocity, a “slip” loss occurs, in which case — 
the term 8 in Eqs. 37 and 38 should be replaced by 4, the ratio of air to water — 
convincing d trati how great may be the difference betw 
g demonstration o g y een 

ae &: these two ratios can be obtained from | published data on the flow of gas- liquid € 
mixtures through vertical pipes. 7 In these experiments tests ‘were m made 
the flow of water, kerosene, and oil through pipes, 24, 3, and in, in 
oy diameter. The flow ratio B was determined by metering the inflows. The 
a volume ratio A was obtained by trapping a volume. of the flowing mixtu 


‘between quick-acting gate valves located at two poi 


points in the vertical pipe, 
ss a Then by draining and determining the volume of the trapped liquid and with © “ 


mixture was computed. 125 bts doida = bh gros bag 

A typical example of the taken during these | experiments 
given by r run of the tabulated data . Thus, by metering the inflow to 
apparatus, 15.7 cu ft per min ‘of gas. mean pipe pressure and 0.86 cu ft per 


1c min of water were flowing i in the pipe, thereby giving a gas-water flow ratio ke 
df. 


acting valves was found to be only 3.2. The linear velocity of the water 
E ie aie was computed to be 10.5 ft x per sec, and the velocity ‘of the gas was 56.1 - 


2 


e tog The wide difference that i is possible | between. the two values of the gas- i ae 


aK = water ratios is the basis of the foregoing statement , that the value of B in 


Eqs. 37 and 38 perhaps should be replaced by the ratio A. In attempting to 
compare the experiments of T. V. Moore and H. Wilde’ with _ those of 


gy ed. Messrs. Kalinske and Robertson, & comment on the flow conditions in the two ay 
fe ope experiments is necessary. In the Moore and Wilde experiments the gas § 4q 


expanded as it flowed upward through the pipe and “‘slipped” past the water. 


‘The opposite condition probably occurred experi- 
ments—namely, water: was “dragging” ir along from a’low pressure 


“Space toa high pressure space and the velocity of the water slightly exceeded 
the velocity c of the air. Because of this velocity difference, ‘therefore, the ¢ 
- mixture ratio A was greater than the flow ratio 6. Thus, if 6 in Eqs. 37 and * pute ‘ 
38 is replaced by A, the value of Mz would be increased and the value of W - hs e 
would be decreased. The net result increases the ordinate of the varios § 


experimental points s hown in ‘Fig. 16. Closer the 45° line 


; 


magnitude of ‘and A. “Obviously, thei values would not differ as 


Sele greatly a as in the experiments. of Messrs. Moore and Wilde where the g gas was ? ‘8 4 


J.C, Stevens,” M. Am. Soc. C. E.—In his part of the Symposium, 
Mr. Hall has presented a a collection of valuable data. ta on a air r entrainmel nt at | high 

velocities, concerning ng which there i is scanty information. available. 
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at the foot of high dames: To. design such a a basin properly, one 
the velocity, depth, and insuffiation: charactebistics with which 
: # the water reaches the basin: To do this, , the degree « of ee must be 
int terms of some ascertainable aunty. Mr. Hall 


the ratio of the kinetic to the the energy, termed 
ss ty” of flow. There : to b 8 1 advantage in using 
kineticity” of flow. ere appears to be no special adva sian in using 


rather: than p p eras to the » degree of insufflation—the 


on The observ ved velocities: were “smoothed” through tl the 1 velocity heads i in nthe 
~ energy line. 
quantities that admit of measurement are the discharge (whieh can be sso 
reasonable accuracy), the. depths, and velocities of the -water-ait mixtur 

7 
ie for which the observational errors involved | are Breat; hence proper + smoothing 
of both quantities is justified fully. bee 01 
Alternative Analysis.— —An analysis of the observed data. that appears 
give more effective results is presented herewith. With insufflated flow two 
 ¢onditions are involved: (1) A flow of liquid water measured at the head, a part 
_ ‘0f which remains liquid but unmeasurable in the field, in the bottom of the ras 
nore and (2) a mixture: of air and water riding on top. of the liquid water 
_ for which depths and velocities r may be observed. All other characteristics of 
i3 this type of flow must be derived from the aforementioned three measured — 
oy slight departure from the notation of the’} paper, with some additions, will 


be made as follows: Let w = a subscript denoting the water (without air); m=a 


sine of the friction- slope angle; S, = sine of the angle;e = specific 
energy head referred to the bed of the channel; a andz = : elevation tabove any 


a ‘There is no quéetion in the writer's mind but that the water in the bottom 
of the channel is flowing faster than the reregy- but this difference does not 

- ‘admit of observation except in the laboratory. The effect of insufflation is to — 
: at retard velocities, and the simplest and most direct method of taking account ae NS 


of this retardation is to increase the value of n for the mixture over that for 


None of the flow formulas in existence are designed to ‘meet ‘the flow con- 


ditions under discussion. Since. neither the Kutter formula nor the Manning» 
; formula i is dimensionally | correct, it is risky to apply either so far outside of the 
: = range of observations on which it is based. _ However, there is no alternative, 
2 and, if the experimental data on chutes are used to determine the factors in these 

2 formulas, the same range » of factors will render these formulas suitable for 
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design. In this ‘its the Manning formula is If strictly 
uniform value of n should be obtained for a given channel unless ‘the sepeiliy a 
changes throughout its length. However, neither the Manning nor the Kutter 7 
hs formula will produce a constant value of n; hence in design the investigator = 
= s must adopt a single average wales for the water flow and a variable and in 


Explanation: Col. 2, “smoothed” values from Table 3(d), Col. 1; Col. 4, ag Table 3(d), Col. 10; one 
_X Col. 10; Col. 15, k = Col. 14 + Col. 13; and Col. 19, nm = Col. 17 X Col. Ee 


o | | 
13.05 J 
11.05 


4 


_ The friction slope of the water undoubtedly differs from that of the mixture | 


slope applies to both in the data ‘presented by Mr. Hall. sh 
_. Two important factors are sought i in this analysis: (1) A relation petenen 


= ae flow and a smooth curve drawn among the points. _ Only the part of the flume — 
RS between Stations 0+50 and 2+75 was used. The entrance condition ere 
BA insufflation, and s some time passed before the normal balance was restored. x 
en At the sharp convex vertical curve from Stations ; 2+75 to 3+00, where the Bs 
ees tends to leave the channel bed, a great slug of air was added to the 4 
_ mixture from which it never recovered. . Since the aim was to isolate normal % 


due to channel roughness and kineticity of flow from other 


spr 395 cu ft per s sec. By correspondence, it was learned that | there are Sin. Ba 
he in the corners of this flume which account for observed areas not equaling 
“width times depth” in Table 3. The formulas for areas (Col. 3) therefore 


for. depts less than 0 67 


— 

— 

x 

slope Cos 

eet oe aa 2+650] 1.87 10.30 | . 75.3 51.0 5.28 | 0.99 | 0.653 | 0.567 | 
8475} 190 1047| 759 | 49.8 | 621 | 098 |) 075 0.665 0.576 
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Col. 5 the of pi is computed by 

- Values i in the next column (Col. 6 Table 19 wet found from 


HUTE FOR 395 Cu Fr PER Sec 


Manning 
> 


0.0118 
0.0118 
0.0123 
0.0127 
0.0132 
0.0135 
0.0140 
0. 0141 
.0144 
0.0148 


wae 


| 
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ooo 
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a 
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Graphs of areas versus and of wetted ve versus were 


‘The average 
- value of sin @ for the reach is 0. 445. A roughness value had to be selected such _ es 


‘TABLE 16. OF Store 


slope tends to exceed the bed slope, 
the flow will oceur in 1 pulsations or 


the flows, but there is no evi- 368 
dence that the flow was pulsating 0.073 
for the two higher flows. With the oF 
observed velocities and an average ‘sel 
value of ny = 0.0 010 the friction 
slopes obtained were as given in 


In Table 12 Mr. Hall gives values” 
of n but the slope > or slopes on on which oni 
es, 


“Handbook of 
Ed., p. 309, Table 1 


(68) 
ale —— 
TICS OF oo 
O10 
ture and, in Co - (68) 
each 
othe 
sin 
Sin. 0.472 | 
0.493 | — 
feare, 
i 
ing, MoGraw-Hill Book Co., Ine., New York, N.Y, 


i 
n-value l 
ably less than would be expected of a roughened concrete flume with p projecting 
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“Roughness Ratio, 
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0.04 

UE 


KINETICITY 


Rapid Flume 
Kittitas Chute 


“Fra. 28, oF oF WarER TO RouGHNESS Ratios AND 
form wires. Nevertheless, the value seems to be correct for the Manning ie 
oe formula, which indicates how cautious one must be in selecting such values for, 


outside th the ‘proved range of this formula. 
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values i in Cols. 
open circles. From this, ‘there appears to bea fairly definite relati ation betwee y 
kineticity and: the degree of insufflation if. no foreign influences are present. a 
= The two lower points indicated that air was psy mp at the inlet and was ignored a a 
ip drawing th the CURVE) woh vent edt words aft 
fig'wol 
asitiool 
0.010 € 
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. bot. The conformity of the curve of roughness ratios to the percentage of water 


Pod. 
F Rapid Flume—The same method. of wes the observed data was 
2 for me Rapid Flume. ot ‘There w were no > sharp ¢ convex vertical curves to 
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he eae add air, but ituie: was a horizontal curve at Station 2400 which produced a a 


pattern making it difficult to observe depths with a degree of a accuracy, 


oer On account of air entrained at the inlet, flow in the first 100 ft of flume was 


‘The analysis shows kineticity and insufflation increasing to a maximum. as 


e Ae, the flow proceeded downstream, followed by reductions as the slope flattened, _ 
‘Fig. 29 shows the insufflated flow characteristics for the flume with a discharge 
eo 88 cu ft per: sec. The depths of mixture are smocthed values from Table 4(b), 


Col. 8; velocities are from Table 4(b), Col. 17, except that at Station 1+50a 
mee velocity of 41.0 was used instead of the 43.5 in the table. The widths, which — 
es _-varied slightly, were obtained by ‘dividing the : areas in Col. 12 by the depths — 
Col. 8. These widths then were ‘applied to the smoothed observed ‘depths 


oe ae obtain the areas of the mixture. The percentage of water then was s derived fe 


Bech from Eq. 66. als ‘This percentage, applied to areas of the mixture An , gave the — 

water areas Ay which, divided by widths, | gave water depths Yo. these 


depths and the bed slopes and observed velocities, the at opoh 


average value of n- =0. 008, which is the lowest. in 


3 "a 3 able 12, was used in computing the friction slopes. . The plot of the friction = 


nd bed slopes shows that beyond Station 3+-00 the computed friction slope 
= Bes ta the lower half of this flume for a flow of 88 cu ft per sec. x e 


was greater than the bed slope. _ Therefore there probably was pulsating flow . 


; ), _ Fig. 28(a) shows the relation between kineticity and percentage of dete eo 
Be Bin graph forms a loop analogous to the kineticity curve of Fig. 29. The . 
is reason is obvious. There isa lag both in ‘entraining air as kineticity increases 4 g 
. eae and in releasing it as kineticity diminishes. This fact and the probability of : 


on “ale _ pulsating flow account for the lack of conformity between the insufflated flow 4 

characteristics of Hat Creek chute and Rapid Flume. 

This nonconformity, however, disappears in the ‘relation between 

«ee centage of water and roughness ratios as shown in Fig. 28(b), t the points falling 

very y close to those at Hat Creek chute. 


Kittitas Chute—Apparently no smoothing of depths of mixture and 
‘Se. of observed velocities was attempted, for an examination of Table 9 shows __ 


many inconsistencies. will be ‘noted, however, that observed depths and 
velocities: varied but ‘slightly on each slope for each flow. Therefore, these 
values were averaged for each flow on each slope, and then average values were 
plotted against discharge. New values of depths and velocities then were 
e * i read from the depth- flow curves and the flow- -velocity curves to obtain smoothed Pr sad 
values, thus eliminating some of the accidental errors, | 
id The writer: visited the e Kittitas chute on May. A. 1938, while t the observations — fer. 
oe ie for the: discharge of 922 cu ft per sec were u under way by engineers of the Bureau — 4 
fev: of Reclamation. He appreciates fully the many difficulties of getting refined 


consistent results and believes the smoothing process he has adopted 
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age 10’ slope, and eight points on the practically boriddintal extremity of the — 3 


bs 
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falling 


‘STEVENS ON’ AIR 
4 
“the friction slopes. an average value of n = 0.014 was used for Manning's 
o coefficient. ‘The superabundance of air in the mixture for the 33° 10’ slope 


. (resulting from the am: convex upward vertical curve just above mg ao. 


: = 28(a) indicates that this curve in t in the flume increased the volume of air in the 
_ mixture by about 10% over the probable v volume had: the insufflation been the 


a 


AL Cos @ 


30.—Assuump ITIONS 


= The kineticity flow on the mid 10 12 slope st at the head of the flume was 
mot enough to cause 2 any great amount of insufflation as the water percentage — ; 
Naried from 84% to 93% for all flows with a fairly constant value of kineticity — 
fal about 24. The points for the end | reach all are bunched with about eo * ae 
are air than would be indexed by its average : kineticity of 25. i This is surplus “= x 
air taken in on the vertical curve and not yet released. Also, the points for 
the head and the end | of the chute c conform to the ends of tl the loop > for Rapid 
Flume. The writer. can visualize all of the Rapid Flume behavior, ‘but he 
hs views the flow of the Kittitas chute “through a glassdarkly.” | | 
The anomalies of Kittitas in the kineticity-water percentage» 
tia relation largely disappear i in the relationships of Fig. 28(b) | as they did in the 
case of Rapid Flume. In using the data of Fig. 28 for design, the Kittitas ; 
in Fig. 28(a) for the steep slope had be ignored. For this 
_An Example of Design.—In order to apply the data in Fig. 28 a 
of 1,000 cu ft per sec was assumed to flow down a chute having the same dimen- — 
sions and slope as the middle part of the Kittitas chute. , The chute is assumed sc ; 
a to start at a point where the steep slope (S, = 0.547) j joins an upstream part os ne 
ona mild slope (S. = 0.001) so that critical flow would obtain at the junction — 
nd no air entrainment or wave 


‘assumed | entrance conditions a are e shown in profile i in Fig. 30(). 
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the prismatic channel it is not necessary to use the tria and-error metho 
by Mr. Hall’s explanation of Eq, 27. A far simpler method — 
aputing the distance between assumed depths may be puted has been 


Wer 


mite 


method must go to Alva Ge Husted.“ Ralerring to Fig. 30(a), it is 


si 


‘Obviously, z. = AL sin 6; lete = y cos + C. ; ; substitute, and for 


Col. Cok | 2 + Col. 6; Col. 8 (see Eq. | 68); Col. 11, = sien of the friction- 
Ate = change in energy head, that is, differences of quantities in Col. 7; Col. 16 = Col. 15 + — 14; 18 
= 19; of 21 = 0.012 X Col. 20; Gol. 22 = Col. 3 + Col. 19; and Col. 27 = Col. 25 


Water; 4 ity 


© | 


4.12] 10.72 
5.03 |48.0 | 2.40 | 20.83] 7.09 12.12 


0.0196 |'1.00 0.0834 | 0.54 


15.95 : 19.30 
24.0 | 1.72, d 28.35 | 30.86 | 0. 0. 249 
41.0 |, 43.09 0.360 
80:50 | 0. 0,694 


‘ : 
89.82 }0. 0.778 |0. 4 Hos Dhan 

0.952 0.348 [0.199 
0.880 


0.935 
44°37 
1.00 
1.07 | 
a 


1.15 
9 


1.165 506 
1.183 514 


0.853] 0.532 | 0. 


0.999 0.499 


‘in which S, = ine’ angle of channel-bed = sine of the vet 


Triction slope; ¢ = = specific energy head, referred to the bed of the channel; =a . 


d increases downstream and ‘there- 


_ « Transactions, Am. Soc. C. E., Vol, 102 (1937), p. 666. ~ 


| ao) | an aces: Bonen 
4 0.141 0.0625 0.00882 0.0114 | 1.00 | 0.0136 | 0 
‘ai ber 8.35 0.997] 0.0873 | 0.460 12.23 
0 107.80 | 0.389 803 0.883 |0.924) 0.422 | 0.125 

| 


fhecessary 


a ben = 0. 012. - The sine of the bed slope is 


: to convert the kinetic energy of a unit weight of water havieg the — 


velocity of the stream to the mean kinetic energy | of unit nit weight. $8 


_ eat, , a coefficient of 1.05 was applied uniformly to the velocity head of the 
mean velocity to obtain the mean velocity head. ad. ost ots 
“ad! For this example the channel width is 8 ft; the sides are assumed high enough x . 
to contain the mixture; and the roughness coefficient (Manning) was taken to - 


0. 547 and the cosine is 0. 837 


corresponding to 1,000 cu ft per sec in a channel 8 ft wide at ‘the Belanger : 


sh 


a dope angie, ¢, between adjacent stations; Col. 14 = sine of bed-slope mee minus the i in Col. 13; Col. s 
= Col. 6 1. 20, from 


+ Col. 2; Col. 19, from ‘Fig. 28(a) aebion: Kineticities i in Col. 18; ig. 28(6) for percentages in 


(22) 
63.0 


Sess 
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re 


22.8. 2.79. 


| 22.9 
| 22.8 
23.0 


2.86 


2.85 


2.88 


80 | 23.4 


2.92 


Additional staleaibiass are given in Table 17. In Fig. 31 the quantities in chy 


_ “Applied Fluid Morrough P. O’Brien and G. H. Hickox; MeGraw-Hill Book Co., 


@“Velocity Head draulic by Mosrongh P. 0’ Brien and Joe Ww. 
Engineering News-Record, 16, 1934, p. 214. 


. STEVENS ON AIR ENTRAINMENT, #1483 + 
asis of 
itis 
(0) 
ivefor 
— 
— 
‘of the friction- 
ol. 14; Col. 18 
& | Kinet-| cent-| Man- Mix- | Mix-) Hy} gai Mixture| Watep 
mien ay | tim | ture | ture | draulie|,p in| 1.486 
os @ "leo | AL tion nw | | area | depth | radius Tm | depth 
(13) | | (45) | (16) | (27) | (18) | (19) | (20) | (21) (23) | (24) | @6)}. | 
| | 100] 1.0 | 0.0120 2.40 | 0.168 |124 | 20.88) 360000 
0+17; 48 | 100 | 1.0 | 0.0120 2.00 | 0.252 |124 31.2 
as | 10457} 19.6] 83 | 1.09 | 0.0131 48-4 & 
Ves 88.8 72 | 1.18 | 0.0142 7 | | 0.572 |105 | 60.0 
14+72| 52.6 | 66 | 1.24/0.0149| 21.9 | 2.74 | 1.61 9.8] 66 18 
62.2 1.28 | 0.0154 | 21.6 | 2.70 61 | 0.726 |965| 700 |17 
422 | 0.125 2108) 81-7 | 57 | 1:85 | 0.0182) 21.8 | 2.72 | 1.62), 0.881, 91.7), 76.2, 
8+65| 90.2 | 54 | 1.40) 0.0168} 22.2 | 2:78 | 1.64 | 0.884 | 885) 782. | (1.50 
.498 100. | 52 | 1.42 | 0.0170 1.64 | 0.931 | 87.6] 81.4 fef 
6437] 111 | 49 | 0017 mms | 1.66 | 0986 | 84.0} 823 
112° | 49 | | 0.017 icc | 0005} 835} 830 
7+79] | 48 | 9.49 | 0.017 mms | 167 |830) 838°} 138 
— 
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at: Station 0+25, at which point the water and mixture 
depths begin to — . It appears that the terminal velocities of both water 


searcely can be an exact balance between the accelerating and retarding 


Velocity of ~~ 


“Manning, 


weer} 
aber 


31.—Fiow ror a Steer 


*a) decided difference in the velocity of the Dorey and that of the mixture 


occurs, 


_ This study indicates that the seanding effect. of insufflation logically can te 
be accounted for byi increasing the > Toughness factor. . The curve of i increase is cam 


shown in Fig. 31. 


aD. McConavaay, “ Esq. Hall’s paper treats a phase of hydraulics 
<< is almost unexplored and, it is to be hoped, will stimulate research looking — 
toward the solution of the problemsinvolved. = | | 4 


‘Ate weet Tenors 


The Bureau of Reclamation has been interested in this field in recent years 
jn connection with spillways for high concrete dams and for earth‘ dams, in 


ae Senior Engr. eis of ene U. 8. Dept. of the Interior, Denver, Colo. 


nd closer to he = pl 
e, and, as it ap hute were in 
e bed slope ’ If the c 
‘is asymp , the flow begin 4 
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important part. Lb 
In the absence of any theoretical development of a method of nod 
_ and extending results of experiments on small structures, it is desirable that 
‘ data be obtained on larger ones. . Unfortunately, structures suitable for this 
"purpose are rare. Conditions such as availability of water, a means of measur 
ing the discharge, interference with power or irrigation requirements, et 
must be satisfied, which make it very difficult to conduct a satisfactory expe Bs 
g % mental | program. The data used by the author on the Bureau of Reclamation — 
S tests on Kittitas chute were contained in informal memoranda which had not _ 
oA been released for publication because the accuracy of the velocity measurements aS 
considered somewhat questionable and because it was felt that they would 
add mer to existin knowledge on the subject. iIt was hoped that experiments © 
ver a wider dang which could be acce] pted without reservation, could be 
before anything was ‘published. However, in view of the publicity 
which has now been given to fee experiments, | a ‘more complete Lacy og 


offi 


up to 15 ft per sec could be obtained and, later, on another model sphcially te 
built for the purpose, giving velocities up to 50 ft per sec. _ All known methods 
of measuring velocities were considered, and several were used experimentally. 
_ The salt-velocity method was finally selected as offering the best prospect of 
time intervals being measured by means ¢ of an oscillograph built in the 
‘Denver laboratory ‘of the Bureau. This method was found very successful 
and arrangements were made to develop the method further by field measure- 
ments on the wasteway at Station 1146+30 of the main canal, Kittitas | di 
Yakima Project. Unfortunately, time did penile the ‘completion 
of equipment entirely suitable for field use. 


TABLE 18.—ELEctropg SPACING Sen 19) 


_ComuLative Feet, FROM THE First ELECTRODE 


50 | 100 | 110 | 200 210 | 200 310 


| 


 ‘Taterval 0 | 10 | 30 | 10 | 60 | 10 


Electrodes were fastened to the walls of the chute, spaced at different 
= ‘intervals; the electrodes were numbered, and these numbers are given in Cok. 2 


1.17. which chutes designed for large volumes of water at high velocities form an 
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the end of the section: No. 10. was 7 ft the 
sa y of the vertical curve between the two steeper slopes. ; No. 11 was about 64 a 
below the end of this curve; Nos. 15 and 16 were equidistant from the beginning | = 
_ of a circular curve of 134.6-ft radius and a central angle of 33° 06’; Nos. 17 and 
+18 were equidistant f from the end of this curve; and No. 20 was at the lower end 
of the chute: — The vertical curve between the two steeper slopes ¥ was a parabola 
bs with a horizontal length of 84 ft and a vertical drop of 34.87 ft. Distances js 
between electrodes, measured ed along the elope, are given in Table 18. Thesalt — 
used war of a fineness to pass a 140-mesh sieve. It was moistened until it — 
could be molded by the hands into balls, which were dropped into the watera _ 
distance upstream from test reach. size of the balls necessary 
m 2 to 7 in, 


TABLE 19. —Vevocrns, In FEET PER THE 
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(a) Storm, 0°04’| Suorz, 10°12 Store, 33°10" 

Ee 


30.5 

= 
37.2 
43.1 
37.7 
37.4 
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cE denotes “Electrode Number, mar rking the electrode numbers between 
he position of the electrodes is 


Al 


The field trials were not wholly successful, partly because of inadequate 
wre apparatus and partly because of imperfect techniques. The separate velocity 

2 measurements obtained are g given in Table 19. In determining times to obtain 3 

- mean velocities, the distance between centers of gravity of the oscillograph 21 
a diagrams should be used. _ However, the diagrams in many cases were indis- 
eer ‘tinct and in some were not completely recorded. Sixteen of the clearest 
diagrams were chosen and the distances of 
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velocity 
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clearest 


ON ATR* ENTRAINMENT 


distances between the centers of gravity (ratio‘of maximum mean 
ay ‘averaged 1.40. The ratios of the distances determined ‘by averaging the begin- 
* “ining points ¥ with other characteristic points to the distances between ceriters of aa 
gravity averaged 1.24; when the distances between centets of gravity could not oe oS 
be determined satisfactorily, the distances thus obtained were divided by 1: 24 


Water-surince profiles at the midpoint of each 10-ft station 

measured by point gage at points 1 ft apart. Readings on the floor were made 


Ee ‘at the same points by the e same gage after completion of the tests. The differ- oe 


+ ois were taken as the depths. ° The water:surface was considered to be at the 
- pase of the loosely flying spray. Because of the difficulty of visual observation, 
the vibration of the gage was relied on in making the measurements. — 


was an easily recognised feel to the’ gage 1 when it had penetrated this : spray y an es 
; encountered the surface beneath. This'surface included many small waves and 


(or ierigntion purposes, and this was nisadured by current meter. 
‘The memoranda from which the experimental data were taken contained a 
mathematical analysis by V. L. Streeter, Assoc. M. Am. Soc. C. E., to which ; 
= Mr. . Hall’s i is so remarkably ‘Similar that it appears one more example may 
~ be added to the classic list of cases in which independent investigations arrived — 
at the same result. Mr. Streeter’s analysis ended with Eq. 17, 
re point Mr. Hall’s equations and illustrations are practically identical with. hie uy 
except that Eqs. 8, 9a, and 9b have been added and changes made in the'two | oe ¢ 


are used. Hall puts ‘the term p in the right-hand mem- 
[ ber of this equation and ‘ ‘proves” exactly the opposite. — Evidently Eq. 5 must 
a physical fact rather than a mathematical assumption. 4 ex- 
presses the simple fact that, for uniform motion, the force. p producing and that 
opposing motion are equal. ‘The former is the component of gravity acting ne ‘ 
a parallel to the slope; the latter i is the friction along the wetted | perimeter, When 
an n increase in depth is produced by adding, air, the. force producing m moti ion . 
-Temains substantially the same, -and the area over which the opposing win <a 
acts increases. Unless, therefore, the unit force opposing motion is decreased _ * 
faster by t the addition of air ‘than the, perimeter i is increased, velocities wi would be ee: 
has shown** that the mean velocity in an open channel is, is 
dent of, or inversely proportional to, the kinematic viscosity. The kinemati 


"Laws of Turbulent Flow in Open Channels,” 


by, Garbis H. 
Bureau of Standards. 
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« of air, 8 at 60° F, is about times that of there ig 


little reason to that velocities. would be increased by addition of air, 


n. Mr. Hall name to recognize this, but, rer concluded that the he normal y 
a = coefficient should be used for the aerated. section, then proposes to use a smaller 2: 
__-value of n for water alone, thus assuming that resistance at high — is 
less than at low ones—a strange conclusion. 


(2) 1 Mr. Streeter an additions! term, 


prada of Eq. 14 to allow for air resistance at the contact ‘‘surface” of air and 
water. This is referred to in the text following Eq. 21. iy That such a resistance 
exists should be obvious. There is nothing “fictitious” about it; nor is it~ 
5 ae ‘* * * based on the area occupied presumably by the water and not by the 
air _ The extent to which empirical formulas allow for this resistance and 
what further allowance, ‘if any, is required, are other matters. tiv Values. of 
8.64 X 1078 for K and 1.46 for p were deduced. However, present data on 
velocities afford little basis for evaluation of such a correction. bed 
r. Hall refers to Eq. 17 as the nite lets) basic equation for flow i in ae 


a Manning formula ond Darecull'e equation, it will apply to any rectangular 
y channel, steep | or otherwise. se. Aside from its possible mathematical elegance, 

it seems to possess ‘no o advantage over the familiar form 


in which AE is the change in energy (normal depth times cos @ plus velocity oe 
head) and AS is the difference between tl the average friction slope over the length — 3 
i’ determined from the Manning, or other, formula and the bottom m slope 
6). For cases to which Eq. may be solved directly for 


a a: At the risk of inviting the obvious rejoinder, the writer confesses to some 
bewilderment at the multiplicity of formulas and of values of n; and as to just Br 


oe how the formulas are to be used. For design purposes, there are no ‘observed ; 
values of n,v, y, or R. In his “Conclusions,” Mr. Hall recommends use of the q 


es “computed ar area, assuming no air entrainment, ,’ which “necessitates the use of 
d 


a “= value of n smaller than that normally used, and one that depends for its value ca | 0 
S on the velocity of the water, as indicated by Eq. 26.” In Eq. 26 the value of ie 
, n- depends on V and on K. How V is to be determined is not clear. Values” Ea 
of K vary from 0.00535 to 0. 0104, furnishing quite a range of choice. For z 
» > a ‘methods of determining values of n, when K; is not zero or when the ch 3 ee 
a oe iy not rectangular with parallel sides, the reader seems to be left to his om i 
3 devices, or to the use of Eq. 8, which requires that the observed hydraulic 
radius be known, diskette: ab the: 


There is a ‘velocity below which not take p place; from: 


= 20, its value seems to lie between 10 and 40 ft per sec. In on ‘24a, = 
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‘Hall's chaste. warrant the of equal to 

‘ “ro. Al formulas proposed indicate that, for steady flow, a stable mixture 
a would exist. If this i is true, entrance conditions would exercise only a a local 

effect, which could not be included in a general formula. 

experience of the Bureau does not indicate that such ¢ confidence could 


uncertain. sae ‘The reaction time of an individual introduces a time lag it in the u mie 

f the gun and stop | watch, which, | for short distances, could result in an ap- 
preciable error. For ‘greater distances, this error might be e negligible, but the 
color cloud becomes indistinct and lengthens, making the estimation of the 
‘position of its center harder. ~ Because of surface conditions the body of th 
‘fluid cannot be seen and the oul: visible color naturally would be on the sur- _ 
face. Even if errors of measurement could be avoided, the relation between 
surface and mean velocities i is sunknown. short distances the sudden change 


in observed without. depth changes, indicate inac 


depth “oe nieans of stall on the sides of the channel 
_ gives the depth more or less to the top of the spray as the gage cannot be seen — 
much below this surface. &. Just below this surface the percentage of air is 


‘much higher than at, greater depths. . At Kittitas the depth at each side of the 
chute for a distance of about 1 ft from the walls was —e- greater than 


the probably not on the same basis as those of 


his demonstrated be correct both in theory. and from actual 

observations.” The theory already has been questioned. Neither do “actual 

observations” fully support this statement. Data found in literature on the 
; “subject : are given in Table 20. Inconsistencies therein are evident, particu- 

o larly in the case of the Ruetz wasteway (Table 20(6)). On the assumption 
_ that the velocities given represent normal, or. terminal, velocities, the writer “ 

has computed values of nin the Manning tormala for the given values of dis 
charge a and slope without regard to air entrainment, with the results shown in o 
Table 20. These are comparable to the values of n,in Table 12. 
Many of of the values are lower than those which normally might be — i 

This could ‘result from too high a velocity or or, to a less extent, from too small a 


““Flow of Water in Steep Chutes with Special Reference to Self-Aeration,” by R. Ehrenberger, — % 
und Architecktenvereines, Nos. 15/16 and 17/18, 
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ties is — 
surface of water at high velocities appears very white. T he spray above the 
_. &f  gurface makes it hard to detect the color or the boundaries of the colored mass. __ a Pe a 
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Las TABLE 20. —ComPrLation oF 
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No, Description Sin (Ps (ou ft radius | Gtper|ay 
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082 10-188) 0.0081 | 1.09 | 0.123] 0.004 | 13:29 | 
b ios on 0.0086 157 0-161 0.116 14.53 80.1 
Chute 0.82 | 0.202! 10.0077 | 1.09 |0.120] 0.003 | 14.70 | 750 
| (00085 | 1.57 0.113 | 16.04 | 
jud iyilgon od | | 0.353 | 0.051} 0.045 | 11.48 729 
Chute | 0.805] 19-0079 | 0.706 |0.082| 0.068 | 1447 | 
082 10.805) 10.0084 | 1.09 [0.115] 0.090 | 1631 | 704 
| 1.67, 10.151] 0.111 | 17.55 | 707 
Chute ed bluaw 088 | Oss | | 
‘ | {0.0089 | 1.57. |0.148| 0.109 | 20.18 | 63, 
0.82 10-0060 | 0.706 | 0.085} 0.071 | 19.46 | 512 
0,081 | 1.57 0.156) 0.113 | 23.62 | 513 
WastE 
id 8.24 | 0,606) 10.0080 | 28.3) O16 | 0.157 | 322 | 
ped » ad) |o.eos| (0.008 | 360] | | aos | 
10.0063 | 523) ... | 0361 | 472 | 
0.0078 | 1292| 0.512 | 57.0 | 40 
| 328 | 626 | 0249 | 306 | 
0.0064 | 566) 0.38 0.348 62 37 
dm 0.0058 | 132 | 084] 0.72 | 70.2 | 25 
pores Fined, {0.0066 | 150 0.94 “070 | 
(0.0072 | 191 | | | 702 | Oh 
(0.0102 | 26.1 0.438 | 0.34 | 28.2 | 
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‘TABLE 20—C 


ent) Wid 
per sec) | (f 


Conc 


5.0 |0.156} 0.0066 | 22.4 


wie 2 


202| 0. 0104 | 23.26 
151} -0.0096 | 23.26 
| 0.206 .0094 | 50.40 


ChuteNo.2 |0.194 


0.0130 331 0.67 52.2 oS 
0.0137 | 098 70.5 


Hammerhill Flume (Metal) | 5.10 | 0.087 
Dalroy 10.2 | 0.032] {90135 


4.18 | 0.02 2 


(m) Sours Canat Mrzposr 2, UNcOMPAHGRE Prosecr (Concazrs; Trarezoma: at) tol 


Section | 1; sides %: 1 


required to give the velocity for a given ‘and Bee: footnote 46, « Side 


1.5 on 1; adjusted values of d and ven by 


hrenber; ttom width of trapezoid. 
olkabwehr und Stauraumverlandung, 


hoklitsch, Julius pringer, 1935. / Bureau of va 
y, Bulletin No. 3: 


mation experiments. “The Flow of Water in Flumes,” by Fred C. Sco! 


me 
— 
0.27 | 022] 263 
— 
22 | 20.4 79 
- 
| 0.0073 0.21 | 142 | 78 
aa — 
| | 267 139 | 1.09 31.93 | 102 
| 8.474 | 0.070] 10.0131 | 400 


In some method of measuring ‘velocities is unkn 
ee In others it was measured by means of floats. A surface float traveling in the af 
; aa center of the chute, where e it naturally we would be e drawn, very likely might give 
velocity higher than the mean. In the writer’s opinion, the n most dependable 
i any measurements of velocities are those on Kittitas wasteway, given in the paper, _ 
and those on Ehrenberger’s model, given | in Table 20(a). In both of these — 


eases in several others the values of n are in the normal range. other 
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Ba ‘ties would result in such radical changes in usual values of n, especially = 4 
the change is a decrease. As is well known, water at shallow depth on steep 
slopes tends to travel in waves which overrun each other. + Such waves normally — 
a would exist in many of the experiments given in Table 20, and it well may is a 
doubted whether a satisfactory determination of mean velocity could be made 

such conditions. The data in Table 20 a tendency toward smaller 
Obtaining the velocity, is part of the problem, as 
_ depth i in some cases is of equal or greater importance. — In self-aerated flow the — a. 
i. must enter at the contact between air and water. As a result of the a 
‘resistance, this contact is not a definite surface, but a zone in which the per- 
centage of air in the mixture changes from practically 100% to an unknown a 
percentage. Aeration of water not in intimate contact with the air may be 
caused by air bubbles carried down by turbulence, the air having to pass 
a cs through this zone into which the turbulence may not extend. Such bubbles i 3 
be carried down against their natural buoyancy, which suggests study 
a along the lines of sedimentation studies. It would seem plausible to su suppose 
i= ag that the percentage of air might decrease with depth on account of the tendency 
= of the bubbles to rise or of their decrease i in size due to increase in pressure. — A ie E 
om ‘might be assumed, therefore, that or nly a a limited depth would be ‘affected in | pet 

deep water; also, that the depth so affected would be a function of time. 

would appear that a formula for aeration should for rough- 
= _ For example, an unlined and a lined channel could have the same Froude — 3 
AS number, but whether the air entrainment would be the same remains a matter 
speculation. It has been shown that K; in Eq. 24a should not be zero. If 


_ it is not, complications arise; one would conclude from Eq. 24a, using constants ae 


for the upper Kittitas chute, that no air would be entrained by a velocity of 
_ 57 ft per sec if R is 2.5 ft. The case is is not unusual; the « conclusion doubtful. ae 
The not-too-good fit of the plotted data with Mr. Hall’s formulas may be due 
eS be as much to the unfortunate fact that all experiments were made on closely simi- — 

lar channels as to any validity of his use of the Froude number, 
 — has been suggested that the increase in depth i is a function of some power - 


of the velocity, at and there seem to be some hypothetical grounds for such 


the velocity or the discharge measurements yt to suppose that higher: veloci- 
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A study of f the mechanical by which the is catenins should be 
y research, and perhaps of theoretical investiga- 
may not have been ‘Until reliable information to the contrary 
= can be had, velocities as determined by the usual methods er the a oe 


and used with caution. With the data at hand, it should be possible to prepare rat 


- conservative designs for small structures of the type and ‘size of those used 
for the experiments. Whether equally satisfactory results can be expected for 
ger structures, only further information will tell. = 


her 


Corwin, M. Am. Soc. C. E— —Comparatively little informa- 


bh on water flowing at high velocities in chutes is available to the designing 


hydraulic engineer. For this reason Mr. Hall’s paper is a very valuable 
ir was 


‘ 40) It is doubtful if the bulking that results from the entrainment of a 
¥ anticipated when designs were prepared for the Rapid Flume, South Canal a 
“chute, or Hat Creek No. 2 chute twenty-five to forty years ago. ‘Design 


‘computations for the Rapid Flume could not be located, but a velocity of 
32 ft per sec was used in designing a baffle box which was reconstructed at the 


of the chute in 1940. This value substantially checks 


of 33.3 ft per tke 5 
For the South Canal chute the ceimesitel and observed velocities can ae 
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= 400 vs. Q = 


| Com- | Ob- | Water Sta- - | Ob- | Water 
tion served (%) tion | puted 


80 
85.6 | 3+75 | 74.0 


velocities are higher than the « chute was tor 
4 capacity of 900 cu ft per sec with C = 100 or vi about 0.015. No allow- 


ance Was made for air entrainment. The freeboard allowance was rathe 

- limited for such: high velocities. The test indicates that, because of the 
athlon: effect of the air, the capacity of the chute is roughly only 50% of the 
design capacity. original wooden flume has been with a concrete 
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flume of cu per sec capacity. The chute may carry this without 


should be in with the of all designing engineers. Requirement 


ee No. 3 is especially true since the first and most important part of the design a 
is to carry the full flow regardless of any number of reasons as to. why the # > 
From actual experience with model tests, one can concur readily with the eA 
ae statement inferred in the “Synopsis” that it is only possible to observe the ay 
phenomenon on the prototype. 
_-—sSTn designing conduits with horizontal curves and relatively high velocities, 
wae ig _ ample freeboard should be provided because the actual rise in the water § th 
aa Gi 4 3 surface on the outside of curves has been observed at about twice the theoretical Bs 00 
Pst value. The paper brings out the effect of cavitation on vertical curves a ? 


the actual velocity i is in excess of the computed velocity and the an 


‘The most difficult problem in connection with the is sto 
suitable transition so the water can enter without entrainment of air or ‘surface 
waves. The ground topography at spillways, which are placed along the side = j 
of bench flumes, makes it necessary for the designer to accept the turbulent 
condition at the entrance and to provide ample freeboard. = 6 i 
is fortunate that,the wooden Rapid Flume was available for test 80 that 
a comparison could be obtained with concrete chutes. Because of the pao 
ow of the ‘surfaced timber, the percentage of spre air r at equal 3 


Mr. Hall has been able to draw the conclusion from ‘that the 
air bulking was reduced with larger cross sections and greater volumes of é 


discharge. ‘This is particularly fortunate; otherwise, many spill chutes: at 


dams might be inadequate for full flood discharge. 4 
i a In the future one > may design chutes with more confidence, — what ; 
my allowance: to make for bulking due to air and also that the normal 1 values " 1 


are independent of magnitude of the velocities. a | 


we 


Hat, ‘M. Am. Soc. C. E.—The discussions of this 
posium have developed many ‘interesting and valuable | observations. The 


fe _ writer feels indebted to all those who participated in the discussion of his paper i 


by their time and constructive thoughts to the subject o of ait ait 


Ps due t to the relatively small range of conditions covered by the tests. However, ihe 
ei Soe it. was felt that the theoretical approach as presented was sound and that the x va 
ew 


a _ discussions would bring forth ideas of value. In this respect, the writer has 
; ee ; been gratified with the resu ults and trusts that the ideas presented will prove of | 


--value to future investigators of air bulking in open channel flow at high velocities. 


tie 
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am those observed for a flow of 395 cu ft per sec. For example, at Station 
 24+75 the observed velocity for the larger flow would probably be between 80 
a 85 ft per sec and the percentage of water in the mixture would be corre- : 


From actual observation, the writer has found no cases in which the 
j ‘size of a channel was inadequate solely as a result of air bulking, since the “~ 
cy _ generous freeboard us usually allowed compensates for deficiencies between design _ 
and actual performance. | As Mr, Corwin states, the failure of chutes to carry ae 

the desired discharge is principally the indirect result of air bulking due to 
velocities falling short of actuality. _Exeess velocities lead to over- 

pping of side-walls at: (1) Sharp horizontal curves, (2) sharp vertical curves, 

and (3) jump basins at chute terminals. _ In all these cases, the calculation of © 

velocities with provision for a air will, yield better 


ik 
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_ Unsatisfactory entrance conditions may result i im excess air entrainment and 3 


in cross waves. Short-radius horizontal curves or an abrupt narrowing of 


the channel width by too short a transition section at the inlet below the point 
_ developing shooting velocities will produce cross waves that result in great 
- Variance with the design, and these cross waves may persist throughout the ae 


entire length of the chute (see Fig. 32). 
Messrs. DeLapp, Douma, and Stevens criticize the use of the 


lesign — ted by th compatss 1495 
th tl ute, th — 
— 
thas 
— 


force along the perimeter produces a torque in the mixture as it ‘slides 


water is not known in advance, and the initial use of the ‘computed functions 


+ The Froude number as is & ‘specific case of the general form - an ‘ : 


__ experiments on ship models performed by Froude, a dimension of the model 


was “used, and in the general form 1 indicates any linear dimension.” The 

form cited by Messrs. DeLapp and Douma is always used in connection with q 
hydraulic j jump.' Ite cannot be that the form -  Satisfies the 


requirements of being a dimensionless parameter of the Froude represent- 


When the mechanism of air entrainment i is studied, the predominant factor : 
in the Froude number is found to be roughness. Ins uffla- 
a cate tion normally starts along the side-walls, although in wide channels air is drawn 


in across the entire section after a specific velocity is attained. _ The shearing 


(2 the surface. Hence, air bubbles are thoroughly, even if not uniformly, dis- 
he tributed throughout the mixture. — Within the range of data presented in in the 


paper, the difference the parameters 8 relatively 

ae. a "Slee, in the extrapolation of the he data to channels of greater dimen- o 


_ the depth as a parameter would ignore the effect of channel width. To be - 
specific, they contend that with a water depth (y.) of 1 ft anda velocity of 50 ae 
fie per sec, the air entrainment would be the same in a channel 1 ft wide as oo | Fy 
ae a channel 100 ft wide. ‘The writer cannot subscribe to this line of reasoning. * 


ay Messrs. DeLapp, Douma, Stevens, and McConaughy question the use of a 
4 the Manning formula with velocities obviously far outside the | range of the 


- = sions the analysis must be subjective ra rather than objective. Those advocating a 


= " "experiments upon which this formula was based. The use of either the Man- 


Py. “ning or the Kutter formula at least has the sanction of current practice as stated — 


ed by } Mr. Stevens. In the light of f present knowledge o: of high velocity flow, it is ; 
ay a reasonable assumption. As justification | of the use of the Manning formula, 


the writer concurs with Mr. Stevens that “if the experimental data on chutes 


are used to determine the factors in these formulas, the he same rai range of factors 
Mr. Douma Proposes a variation in the Manning formula. his 
F Pe ‘Eq. . 58 would be more difficult to solve than the method propos osed by the writer. 3 
ae Also, in formulating Eq. 60, he has used the values | of n from the oy Creek 
Bsc below Station 2+75 where a great slug of air was added to the mixture : 
ue to the fact. that the trajectory did not follow the profile c of the chute. ‘Also, P 
a a other tests, he has used values of air entrainment which resulted from 
unusual disturbances outside of those resulting from channel roughness ame: 


= “Hydraulic Laboratory Practice,” edited by John R. Freeman, A.S.M. 1929, pp. 785 and 
—- “Hydraulic Models,” Manual of Engineering Peake No. 25, Am. Soc. C. E., 1942, p. 14, Eq. 40 bey 5 
uid Mechanics for Hydraulic by Hunter Rouse, MoGraw-Hil Book Co.. Inc., New 
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“the and water after uniform flow conditions are attained. 
- its derivation, it is obvious that this constant varies with the velocity, and, er 
hence, is influenced by those factors that affect the velocity, namely the slope, — Yi ee 
the hydraulic radius, and the channel roughness. This relation introduces the 
use of a retardation factor, and although the validity of either the Manning or 
a Kutter formula for high | velocity flows is an assumption, the data approximate 
the Manning formula as s shown by Mr. DeLapp. 
The dependence of on the factor | can be e seen by combining 


* of Eq. 41 as follows: fer 
ng 


¥ varies inversely with the Chézy C and inversely with the observed hydraulic 
radius. In other words, Mr. DeLapp’ constant combines those factors which 
he criticizes when that constant i is segregated into its ; component parts. 
; 4. Eq. 41 would apply ‘only to a rectangular chute and indicates that the depth | 


a  -Yoisa proportion of the critical depth - In the design « of many chutes this rele- ee 


'= were several stretches in which uniform | flow conditions were walhed These 
‘much greater v: variation in the TABLE 22.—Vauvues or (K Sours 


in the other chutes. me _The veloc- = 
3 ities | in the South Canal — 


were less than those observed 

at the other Values 
an b 

ig generally as the dé- 2 

creases, which’ indicates that 

 DeLapp is not as consistent as that Presented in Fig. 10. ‘Benes, Eq. 41 
In the opinion of Messrs. Doums and the, curves in Fig. 10 


should not pass t rough | the origin of the coordinates. The writer has realized a tr 


this to be true for some, although not for all, of the tests, but due to the many ie 


formula. 
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ugh this does result in 


parent depth of the errs on side of On the other 
hand, entrance conditions frequently increase the low velo a greater 


_ shown in Fig. 23 is similar to one of several developed by the writer in his initial 
#3 studies. > However, both of these were discarded i in favor of the relationship — 
_ ghown in Fig. 10; but the enveloping curves in Fig. 23 showing the limits Z 
= of a 10% error in ‘the calculations are very interesting. If such a comparison ae 
were applied to Fig. 10, it is believed that i in a cases the percentage of error 
With reference to the velocity measurements 0 on Kittitas chute, Mr. Douma 
notes that those used by the writer are smaller than the ones originally de- 
- termined by the Bureau of Reclamation. — The observed velocities given in 


a 9 are the same as those presented by Mr. McConaughy i in Table 19 and | 


are based on the time distances between the centers of gravity of the curves — 
produced on the oscillograms. velocities ; first t computed, which were ) 24% 


‘larger, were based c on time distances between the beginning points and other , 
characteristic points on the curves. It would appear that the second oar 
‘mination was more Teliable as indicating the mean velocity, However, Mr. 
‘Douma n notes that, in some instances, | particularly in the 10° 12’ ‘slope, the ve- ch 
- locities determined from the center of gravity of the curves appear too small. detagys 
This may be for the in the of 8 t progress 
“Tt may be noted in the table that the observed velocities ° varied ¢ as 
~ muchas 257% when measured over the same reach with an apparent constant: AG . 
be discharge. The average variation is approximately 7%. “There areseveral 
factors which contribute to this difference in observed velocity. Visual — 
_ observations and a study of the motion pictures show definite pulsations of — 
~ velocity i in the flow. The apparatus used was evidently sensitive to these — 
pulsations and one record was made of the high velocity mass while another 


; Mr. Stevens also Tefers to the occurrence of pulsating f flow. In the fore- aes 
going ‘citation and that by Mr. Stevens the writer believe ‘that reference is 
made to “slug” flow, which is really surges of small amplitude. This 
of flow also i is shown i in ‘Fig. 2 and apparently occurred in in the Kittitas s chute, ¥ 
particularly at lower ‘flows. Howeve r, it did not occur in| any of the chutes 
tested by the writer. These surges are of a different nature than pulsations — 
oa which normally occur in turbulent flow, and are noted by many observers® i in 


5 the fluctuations in a pressure gage in a flowing closed conduit or in variations is 


48 Unpublished report of U.S. Bureau of Reclamation,p.16. |§| | 
00. An lied Fluid Mechanics,”’ by Morrough P. O’Brien and George H. Hickox, McGraw-Hill Book 
by Boris A. Bakhmeteff Princeton U niv. Press, 1936, pp. 11-13. 
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at it is practically negligible (see sample compu — 
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during the of stream-flow 


ste measurements. The pulsations referred to by Mr. Stevens are possibly of this 5 


a latter type in an exaggerated form, or a transitional ‘stage between normal 


a writer greatly appresiates Professor Knapp’ 8 discussion on the concepts 


of the flow regimen ¢ on horizontal curves. masterly | contribution to this 


Tails t lo TABLE 23.—CALCULATION OF Flow 


ion: n = 0.015; sin @ = 0.547; cos 0 = 0.837; Q = 1,000 cu ft per sec; b = 8.0'ft; @ = 125 0uftpe 
ulations are for a chute of the same dimensions, bottom slope, and discharge as used in Tobe 17, 
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misleading. This equation is to be applied the curve i is 
banked and built with | proper transition sections at both beginning and end of ae 
3 curve. Then, for equilibrium conditions the cross slope in the portion of uni- o' 
form curvature will follow Eq. 32 quite closely. The cross slope in ‘the transi-- 
tion sections should be increased linearly with the distance along the transition. 
Also, the banking should be obtained by lowering the arc on the aa an 


allowing the are on the outside radius to remain on grade. 


a 34 illustrates s the flow on a banked curve at the spillway ftom. Upper. 4 


Calif. _ The banking has eliminated cross waves in the straight section beldit 


_ the curve. This curve has a radius of 603.8 ft and a maximum saperslevation 
“A Study of High Velocity Flow in Curved Sections of Open Channels,” March 29, 1936, and “Ex x 


Investigations of Flow in Curved Channels,"’ July 6, 1938, both by Arthur T. and Robert 
prepared at the California Inst. of Technology for the Los Flood Control! Dist. 
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f horizontal curves in order to eliminate c 
view of Professor Knapp’s studies 4 
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of 8.6 ft in width, off25 ft. The channel | capacity. is is 5, 000 cu 1 ft per sec, 
only 700 cu ft per sec were discharging when the photograph was taken. ” The hee : 
same theory of design L was 1 used on the ‘San Pablo Spillway ar and checked by a 
model tests described in the paper. uo ehniog swt 
_ On unbanked curves and rectangular cross sections, the conditions are as de- 
geribed by Professor Knapp and noted by the writer. The cross slo eat max- 
points will exceed the value a 49. On the 
CHARACTERISTICS IN A 


we; a = 1.05; K = 0.005; Col. 15 is from Eq. 17; in Col. 16, dV is taken as 10% of V, except for the last two 
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South Canal chute built with horizontal curves having no superelevation, 


ob bservations of the depth of water r were not taken e exactly at the maximum 


and | minimum 1 points, but at 25-ft stations. _ However, from Table 11, it is 
_ seen that at Station 23+50, the actual slope was 1.8 times, and at Station 


(25+00 it was 1. 6 times, the equilibrium slope. At the maximum points, the 


‘actual slope was probably twice the equilibrium slope i in 1 conformity ' with Eq. 49. 
a: Mr. Douma also discusses the height of waves on an unbanked horizontal 


:: curve, As) a result of experiments, he has found that to allow for secondary 

waves, , the multiplier i in Eq. 49 should be increased from 2.0 to 2.4. j is 
4 the extreme maximum, because initial transverse waves at the beginning of a ane 

curve may dampen rather than intensify the disturbance i in the flow path a around Ed 
the curve. _ However, in the design of new spillways, the maximum height of 


‘waves on the cuteide walls of unbanked horizontal curves ‘probably should be ie 


calculated with the use of the factor 2.4 and additional freeboard allowance * 
above the maximum wave height added to this computed depth. 
Unusual flow conditions exist at the: spillway from the Gordon Valley Dam 


of the City of Vallejo, Calif. This spillway is 27 ft wide and has an unbanked pes 
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HALL ON AIR ENTRAINMENT 


horizontal curve of 74.43-ft radius near the upper end of the channel. at. Im 


mediately below the horizontal curve is a vertical curve. Discharge 
mi a relatively moderate flow of about 100 cu ft per sec are shown in Fig. 32, aq So am 
_ There are two maxima wave points on the outer wall of the horizontal curve, e. a Shee 


i 

x td 


Fia. 34. aT San LeanpRo Dam; A or 700 Cu Fr Bec oN A 


but the inner floor of of the curve is dry. Below the vertical curve the wave angle : 


~ is s changed, due to acceleration of velocity, with the result that the flow does not 


¥ 


reach a uniform distribution across the bottom before striking the diffuser 3 aie 

nad blocks at the end of the chute. _ A mathematical analysis of of this flow i is prac- x ve 

tically impossible, although the spillway has functioned “satisfactorily. for 4 

Professor Knapp’ analysis of the mechanics of air entrainment and q 

conclusions p present many ‘excellent points. general, ‘there are no conflicts 
between the theory as originally presented and his conclusions. Some slight q 
"The analogy between air entrainment and of sediment by 


Professor Knapp and also by Mr. McConaughy is well taken. Air entrainment_ a a 
ae is not a a static condition, since » obviously air is constantly insufflated to replace i 
that: escaping. a The ratio between air and water expressed ir in Eq. 24a, however, 
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» 


5 ratio of air to water decreases as the value of R, increases. ‘ A uniform ery 

_ distribution would necessitate smaller bubbles at greater spacing as larger cross 
sections were approached. Obviously, the most natural distribution in large _ 
cross sections would be toward a greater concentration in the upper layers. In 


E>” he tests made on relatively low depths, the , distribution of a air, as observed at the : 
an of the chutes, appeared uniform, but this condition would not necessarily _ = 


With respect to the effect of wind velocity on the this is more 
ee theoretical than actual. In all cases of high velocity flow there exists a strong» tee. 
e down draft of air parallel with the current . Air drawn into the water naturally 
continues in the direction of flow after escape. The side-walls of the chute 
_ provide protection from cross winds, 
The conclusion that air entrainment is not initiated merely by the high 
__-velocity of flow is undoubtedly true. With extremely smooth entrance condi- 
a tions, such as occur on the downstream face of an ogee section overflow dam, 
the entrainment is delayed. This is illustrated in Fig. 35 by the air entrain- 


‘Fre. 35. Dam Are on Ocoee Sscrion OverrLow 


ment on the face of the Britton Dam on the Pit River System | of the Pacific Gas 


q ‘The hypothesis, presented by both Mr. Stevens and Professor Knapp, that — 


“the foam i in the upper travels at than the lower 


— 
— 
a 
- 
ficts 
place 
— 


The of the at the convex vertical ¢ curve on n Hat Creek 


Bry could only be explained by assuming that the upper layers were traveling — 


the prompts the conclusion that the layers in 
ne with the perimeter of the channel were traveling at velocities below ae 
bor same conclusions have been reached elsewhere.? This con- 


yield too great a velocity rather than one too small. a Future observations might 


the technique of observing the either by the color or the 


Douma is mistaken in assuming that Eqs. 30 and 31 require “the co- 


system to be parallel and normal to the slope of the chute upstream 
the vertical curve.’ ’ Eggs. 61a, 618, and 6l1c are identical with the writer’s 


s Eq. 64d for the hydraulic jump in a rectangular channel is “Me ss 
Se since, as a velocity factor, a, was used in Eq. 52, a similar factor, a - S 


for momentum coefficient should be used.** (Also, the first. term on the 
ite of the equation be p? d*; rather than The correct 


=* 
7, 


“A ‘The value of a’ is generally assumed to be. unity, sid with high velocities this 
ae introduces an appreciable error; therefore, in design computations, _ 
it is recommended that a value be ) assigned to this factor. For sections other | 


= zz failed in one of his purposes, since exactly the opposite is true. i E 
; ea inadequate length of many constructed jump basins i is evidence that the actual A 
velocities are greater than the design velocities. The author has fou nd very 


en of the water to follow the vertical profile at at a discharges. - 4 
is evidence of insufficient design velocities. 


reason -for this is if the in is 
afi 

= With air entrained i in the water the value of n, as tas as can be judged from 


oy available data, is equal to its value for a channel of similar roughness without = 


. _ & “Applied Fluid Mechanics,” by Morrough P. o Brien and George H. Hickox, McGraw-Hill Book Co., = 
Tne., New York, N. Y., 1937, pp. 271-272, rail 
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hence the value of the radius, of the mixture, more than : 


water mixture is increased with greater insufflation, “f 


7 ‘ae The s statements by Mr. McConaughy o of the reason fit the ES of Recla- 
" mation’ ~ interest i in air entrainment i in water at high velocities are identical with 


‘a “those. leading to the test and studies described in the paper. The more com 
: _ plete description of the Kittitas chute test contained in his discussion will be 


Reference is made to an n analysis by Professor Streeter, which Mr. Me- 


at the same result.” ame ‘This is not correct as there is only a 


o slight similarity between Professor Streeter’s final result and that contained in é, 
a the paper. Toa large extent, this similarity i is due to to the fact that both writers po 


STain 


oe used, as a starting point, the Chésy and Manning formulas and the Bernoulli 
: - equation. . In this, neither has shown any startling originality as this mathe 


matical is available in many standar hydraulic textbooks. Tn fact, 
the main differences between the writer’s analysis and that found in many - 


hydraulic texts for nonuniform flow (without desig air are | ontained in é 
Eqs. 5, 8, 9a, and 9b, as noted by Mr. McConaug 
development of the mathematical analysis 


the time that the Bureau of Reclamation began laboratory experiments mo 


-paratory to the Kittitas chute tests in 1938. “tas 


a conventional mathematical analysis was used purposely a fulfil the er 
ey requirements 3s stated under th the heading, “Theory of Flow in Chutes,” that “i 
+ should | ‘conform as nearly § as practicabl e to established methods of hydraulic — 


calculations.” 

ment and new of existing formulas and theories. only i innova- 

a tion is Eq. 24a and Fig. 10 indicating s a straight-line relation of the ratio of ai 
towaterwiththe Froudenumber, || |. 


ee he differences | between the writer’ s analysis and Professor Streeter’s ar 


recognized by Mr. McConaughy : as he explains them in detail. His mai 
p * objection appears to be that the writer’s analysis did not agree with = 


developed by Professor Streeter. Actually, in place of Eq. 14, Professor 
ned (oubstituting the nomenclature used i in this paper) 


(Re)? 


in which Kisg | given ‘the subscript to differentiate it from K in Eqs. 24a and 24d. 
The e first term | represented | the energy loss due to the water and the second 
the en energy loss due to the air, although the hydraulic radius, in this term, is fot 


area ccoupied. by th the water, the. denial al by Mr. 
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i ‘Substituting Ea: 163 in Eq. 13, Professor Streeter’s final equation was: 


Ba fails to reconcile fact and theory in ‘several important and fundamental — 
‘respects. Ti _ The use of Eq. 72 indicates a disregard of the theory of modern fluid 
mechanics. Frictional resistance per unit area depends o on the velocity of flow, — 


Spe ‘Viscosity, and density of the fluid and the size and roughness of the channel, es, 


Professor Bakhmeteff, in reference to turbulent resistance, states:*” 


With experimental evidence to guide and probe hypothetical reasoning, 

ee it was gradually established that frictional resistance as observed in prac- 

ee | tical cases, was proportional to close the square of the velocity and that — 

friction force depended on the density of the fluid. On the other hand, — 

such resistance was found to be scarcely Pnfluenced by temperature, that is, 


it was not dependent on viscosit 

i ¥s ‘Professor: Bakhmeteff used a formula to represent frictional resistance that — 


ue is (except for symbols) identical with Eq. 5. Many references 1 may be cited 
to indicate the correctness of thisrelation.® 
; with usual temperatures, the viscosity and density may be, and customarily 4 
neglected. However, with air entrained in the water, the density | must 

hy certainly be taken into account, and possibly even the 1 viscosity. Data oe 
a a . lacking to determine the influence of the latter in an air- water mixture. A 
: a = lost sight of by Mr. McConaughy is that, with insufflation, the mixture 4 


to be a | liquid and b becomes a quasi- Hence, the density of the 


ey: The use of the relation in Eq. 73 leads to the ‘remarkable « conclusion that — 

‘the flow resistance of the air-water mixture i is greater thani if the water contained 
= no entrained air. This is the basis of Mr. Stevens’ alternative analysis, illus- 
a & trated by a typical computation given in Table 17. The increase ia nin the 


sf Manning formula for the mixture i is contained i in Col. 21 of that table. _ Having 4 


he 


— 


t 
started with the erroneous relation in Eq. 73, the natural conclusion 
is that n, is equal to the values of Manning’s n obtained in normal channel flow 
Bost: in similar materials. From the relation in Eq. 8, it then follows that the value  & 


ae of n for the mixture must be larger than the normal. Observations of chute — 
cae flow and laboratory tests prove this to be incorrect, as the water does travel - 


> se faster once insufflation occurs. The failure of the trajectory of the water to 


4 


> ys _ follow the vertical curves on the Hat Creek and Kittitas chutes shows that wie of 17 

ery ee velocities were greater than those used in the design of these structures. Many . a 

a illustrations could be cited of the unsatisfactory operation of jump basins at me OVS! 

Mechanics of Turbulent Flow,” by Boris A. Bakhmeteff, Princeton Univ. Press, 1936, p. 

§#“*Applied Hydro- and Aero-Mechanics,” by L. Prandtl and O. G. Tietjens, Engineering Societies 

McGraw-Hill Book Co., Inc., New York, N. PP. “The Mechanics ofTurbulent- fre 
low. by Boris A. Bakhmeteff, Princeton Univ. Press, 1 pp. “Ap lied Fluid by 
98-100, 107, 125, 130-133, and 180; and “Fluid Mechanics for Hydraalio Engi by Hunter Rouse, —  . Od 
of Societies McGraw-Hill Co., Inc ew York, 1038, pp. 47-54, me 
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structure was s designed. In tests ‘made i in the air introduced 


mixture, but rather caused the mixture vol travel at a higher velocity, while 
aintaining the same depth as without air. . This increase in velocity resulted 
n the movement of the jump downstream. sib 
av eg is difficult to understand the purpose of Table 20 and the accompanying 
a discussion by Mr. McConaughy i in ‘proving that “neither do actual observa- — 
4 _ tions” support the statement that “the retardation factors n in the Manning 
or the Kutter formula, obtained by using observed velocities and areas, agree 


. with those obtained in’ normal channel flow i in similar materials.” — Certainly, 


‘the values of n, in this table are much less, in most cases, than those normally _ 

cused for the materials listed. Mr. Scobey has published values of n and n, for me 
ee ¥ many ¢ of the tests listed in Table 20. so Aside from the fact that it is stated i in’ 
3 this publication that ‘the determination of the velocities was q questionable for 


of n are le larger than Te and, in general, the former do' ) agree with those obtained 
in normal channel flow in similar materials. mane In m many y older tests, velocities Ey 
were taken as an average for the entire reach with disregard for acceleration. 


air since, when insufflation is large, the decreased density of the mixture would 7 
esult in the “float” traveling along the bottom of the chute. 

For the design of a new structure n must be assumed on the | basis of judg-— 
ment, and initial values of V, y, and R are computed from the critical section. are 
Dene 37 values down the chute can be computed from this starting point. 
One sample calculation, paralleling Mr. Stevens’ éxample, indicates the pro- _ 
cedure (see Table 23). The design of non-rectangular | channels was discussed — 

be n some detail (see Eq. 27 and : supporting text). Eq. 73 is , merely Eq. 27 in 

% x an oversimplified form. In Eq. 70, Mr. Stevens makes the valuable contribu- 


tion of an equation to eliminate the use of the trial-and-error method in 


Some of Mr. McConaughy’ s discussion repeats, in ‘slightly di ferent words, 

4 statements that appeared i in the paper. wv These are obvious upon careful reading — 

vs 2, require no. comment. wit would ; appear from a comparison of the results 
oof the Bureau of Reclamation’s test and those of the writer that both were 
9 made i in a careful and painstaking manner and that the accuracy is as high as 
might be observations admittedly. ‘subject ‘to. a relatively high 


‘indicates a agreement whieh should lend 


ae McConaughy, i in general, agrees with the writer’s hypotheses, his prin- 


ipal le iticism being with the form of the equations and the small Tange of data 
from which to ‘select coefficients. To the latter, ‘the writer can ‘subscribe 
ad “Effect of Entrained Air on the Hydraulic fone ” by Emery H. Willes, a thesis presented to the Bit, 
- College of Civ. Eng., Utah State Agricultural en gan, in 1937, in partial fulfilment of the require- 
ments for the degree of Bachelor of Science. TOP SO 


_ "The Flow of Water in Flumes,” by Fred c. ia Technical a No. 398, ad 8. Dept. of 
ee values of n ‘on pp. 36 and 37, and values of ne on p. 39, 
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as added gained from data taken over a wider range of 
Pa tae sizes,/ volume of discharge, and with varying degrees of roughness, a 


me (jillite Stevens suggests that data of both velocity and depth readings be 
Je “smoothed” due to unavoidable observational errors. The need for smoothing 4 


Velocities we was more urgent due to acceleration between observation stations. — 
For example, at Hat Creek chute with a flow of 395 gu ft per sec, the ‘observa- 


; tion showed an elapsed time of 2.16 sec for the color to travel from Station . 


0425 to Station 1+25. This time has been distributed to indicate an ace 3 


atio= 


Po a ~ eeleration from 33.4 ft per sec to 60.5 ft per sec in this distance. ‘There wi was no 
obvious reason to indicate a need for “‘smoothing’’ depth readings; hence, they 


were used without correction for observational i inaccuracies. 
o: _ Mr, Stevens has introduced new nomenclature in his alternative analysis, — a 


2 Lee although in most instances the characteristics are not new but were designated — 
2 a by other symbols in the paper. However, his use of subscript w to denote — 
ao water without air and of subscript m to denote the insufflated mixture is no 
Bas doubt a clearer designation than the ones originally used. To avoid confusion j € 
the writer will adhere to his nomenclature in this 
Stevens has attempted to demonstrate a relation between (1) kineticity 


oe or of flow and degree of insufflation; and (2) the increment i in the roughness factor 5 
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that the factor for the water without air (Me = %) is a mote 
and that the retardation | factor for the mixture (n = = Tm) ‘increases with the 


ie analysis given in Eq. 3 to Eq. 8 is correct, and it appears { to be correct, 


dete 


ere 


is found that the opposite conclusion results. In other words, n is the 
stant and n, diminishes with the insufflation. The ratio which Mr. 
Stevens has computed with considerable effort can be obtained readily 

a the reciprocal of Eq. 8 using values of R, and Re Computed in this manner, 
- the spread of the observed data is greater in Fig. 36 than the “smoothed” — =. s 
at a points of Fig. 28(6). The relation between p and n/n, is not as simple as Py 
indicated by Mr. Stevens by means of the obvious functional relation 1 through 
and Ae. In Fig. 10 and Eq. 26 the writer endeavored to determine a general 
relation through the use of the parameter rather than the more obvious 


_ Felation. By substituting the value of p p from Eq. 24e i in Eq. 26 and replacing 


B by its equivalent a, relatiin on p od 


ndicating that the ratio nln not only ¢ on p but also on the velocity — 
‘i and the channel width. _ The ratio n./n is the most convenient form tousein =f 
4 the writer's equations, but the reciprocal has been plotted i ‘Fig. 36 ‘for 


‘comparison with Mr. Stevens’ diagram (Fig. 28(b)). “Several curves have 


ranging from 1 0 to 1. 4, 
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aa which cover the normal range of this factor. | Exeept | for a a few points on on nthe a 
Kittitas chute, all of f the data fall fall within this range. 
be In Table 16, _ Mr. Stevens computed the friction slope for the Hat Creek 
a based on a value of n, = 0.010. For the lower flows the sine of the fric- 
_ tion slope computed with this ‘retardation factor exceeds the sine of f the b bed 
slope. Obviously, with accelerated flow i in a channel of uniform | slope (as i is 
substantially the case on Hat Creek chute between Stations 0+50 and 2+75) 
al _ the friction slope will ultimately equal the bed slope, but can never exceed it. a 


a _ Using the data obtained from the tests, the writer computed the elevation of _ 


oy . oe the energy gradient or friction slope; however, these data were omitted from _ 
- the published paper due to space limitations. For this part of the chute the a é 


_ Int Table 24 are given the computed 3 


‘TABLE : 24—Hat Creex ComPaRison or COMPUTED AND 
OBsERVED Suvzs oF Friction SLope ANGLES» 


RAS 


> 


0.354 


Values | of the friction slope from Mr. ‘Stevens’ Table 16 for n. = : 0.010, al 


similar slopes for a value of n, = 0. 0085. Also, the friction slope was token : 
from the data from which the energy gradients i in Fig. 1 were drawn, andis 
as “observed friction slope.” The computed friction slopes for the 
 guaaller retardation factor agree more closely with the observations than do 
‘Mr. Stevens’ and even with the smallest discharge do not exceed the bed slope. ™ 
With a discharge o of 115 cu ft } per sec, the writer’s computed slope indicates that 
uniform flow was established between Stations 2+50 and 2+75. However, 
the observed friction slope for this flow and all of the <p asi yome would show 
| 


a the kinsticity has been plotted from the original data. “Since: these points © 
ag have not been smoothed they are slightly different from those plotted by Mr. — 
E eo _ Stevens in Fig. 28(a); also, the data from South Canal chute have been added. 
ee _ With the latter due to the great number of points, values from adjacent sta | 
. Bis tions having the same kineticity were averaged. The results are of particular — 
wie — as the roughness of the channel resulted in int at much lower = 

kineticity t for of the other channels. 
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| puted | puted | Ob- | pu = jserved| nme= | the= 
7 Ob- puted | pu ved| Me= |served| ne= 0 0085 0.010 | 0.0085 for 
served! me= | ne= | ser 0.010 | 0.0085} | 0.010 | 0: 
0.000 | 0.070 | 0.051 | 0.072 | 0.073 | 0.058 | 0.110 | 0.104 | 0.075 0.177 | 0.308 | 0.16 Hom 
00 | 0.060 | 0.163 | 0.160 | 0.226 | 0. 265 | 0.430 | 0.311. slope 
1+ 0.220 0.159 | 0.124 0.22 309 | 0.400 0.289 | 0. 0.354 #2 
: | 0.062 | 0: 0.196 | 0.175 | 0.266 | 0.192 | 0. 0.436 | 0.315 | 0.354 | 0.490 ulss 
on | ; 1+50 | 0.120 | 0.271 | 0. 27 | 0.196 | 0.312 | 0.225 | 0.336 | 0. 72 | 0.341 | 0.354 | 0.563 | 0.406 y opul 
—— ee 1+75 | 0.175 | 0.314 | 0.2 217 | 0.354 | 0.255 | 0.336 | 0.4 356 | 0.391 | 0.580] 0.419 a 
+00 0.367 | 0.265 | 0. 0,382 | 0.493 | 0. 1 0.446 #2~© 
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by ‘Messrs. DeLapp and Stevens, Fig. 36 showed a lag in 3 
© ines of entrained air as velocity decelerates and kineticity diminishes, accord- —_ 


ing to the data on Rapid Flume, Kittitas chute, and the flattest bed slope on b 7 Oe 
Canal chute. Admittedly, the writer's equations do not cover this co con- 


| dition, but by selecting a ‘value of K slightly higher than the average, the com- pr 
puted depth of the mixture will equal the maximum conditions and a factor of — a 


x 


go 


Mr. Stevens has apparently accepted the relation between the percentage 
of water: and the kineticity from the Hat Creek chute as being most repre- 2 es ; 


‘sentative. In the writer’ opinion this is an oversimplification and completely 
Ss ignores the results from the South Canal chute. wh The results from this test ee 


fhe apply to chutes of rough concrete or to those built of ashlar masonry. — ee 
‘The writer's: 's method, therefore, is more flexible and can be applied over wide 


range of conditions once the proper values of. the coefficients K and K, in ae 
4 Eq. 24a have been determined from measurement of air entrainment over ae a 


mafficient number of surfaces and channel sizes. Nevertheless, Mr. Stevens’ 


oe In Fig. 29 Mr. Stevens has presented the flow characteristics for Rand ms 
‘Flume in graphical form that conveys all ‘the e essential information in a 
_ manner easily grasped. : However, the observed value of the roughness factor 
nfor the mixture from Station 1+75 to Station 5+-50 was actually 0.010. The 
friction slope in this stretch of flume was a uniform value of 0.263 (see Fig. 6). ‘ae hee 
friction slope at the lower end of the chute did not exceed the bed 
i slope to the degree shown in Fig. 29. ‘This may account for the fact that ee 
_ pulsating (slug) flow actually did | not occur in the lower portion of the flume. Soin 

For comparison with Mr. Stevens’ example. of design in Table 17, the ewriter 

has made a parallel computation by his own method, using the same channel 

_ dimensions, bed slope, and quantity of flow. = to make the reeults 

comparable, the writer used a value of n= = fin = = 0. about the mean 


33. Values of A., R., Ver and can be computed from the 


and dimensions. Values of p p were computed from Eq. using 
= 0.005; and n,/n was computed from Eq. 26 as modified in Eq. 78. Thus, 
“Gree the graph it is seen that all of these factors are functions of the depth. . It xe “a = 
be noted that ‘the channel characteristics. differ» with every channel 
depending on the quantity of discharge, the dimensions of the cross section, - 
and the values of nm and K chosen. anh te” 
% _ The initial depth at the critical section should be increased for a and hence ats 

ay should be 7.99 rather than 7.87 used by Mr. Stevens. (Eq. 29 should be used — 
= tather than Eq. 71.)@ In Table 23 are assembled the calculations of the flow 

characteristics in this chute. Starting at the critical, section the values in 

i Cols. 4 to 13, Table 23, were taken from Fig. 37 either, directly or indirectly. oi is 


The value of n, was taken only to the nearest 0.005, and decreased from 0.015 "aa “ 
“Applied Fluid Morrough P. O’Brien and George H. McGraw-Hill Book 
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at the critical to 0. 009 with flow. and 15. 
watt eo tained from Eq. 17. The friction slope is the last term in the denominator on 
ee _ the right side of this equation. — The e values of dV should be taken in sufficiently — 
] small increments to assure accuracy; in this example 10% of V was used, 


. Col. 18 is obtained by dividing Col. 4 by Col. 10, and values of y. and R, in — 


2 a “a Cols. 19 and 20 can be taken from Fig. 33 substituting values Ao, yo, and R, 


for , and R.. The maximum velocity for uniform flow would be 111.7 ft 
Bot per see and depth of mixture 3.61 ft at Station 12+44, as compared with Mr. 3 
ye Stevens’ maximum velocity of 91. 4 ft per sec and depth of mixture of 2.92 ft 


at Station 9459. Mr. Stevens’ | computations were not continued until the ¥ 
oe friction slope equaled the bed slope of 0.547, as was done in Tablé 23. A 3 


a comparison of flow characteristics at equal stations has been made in Table 25. 
TABLE 25.—Comparison or CHARACTERISTICS FROM 


> | % or Waren, _Farcrron 


Stevens} Hall 


1.80 | 71. 5 | 584| 52.6 66 | 2.85 
1.55 6 | 103.2] 81.7 
1.45 5 
1.39 | 105.0 
1.37 | 110.0 
The writer’s results, particularly with regard to velocity and mixture depth, * 
is yield a more conservative design, in addition to being computed by a method = 
_ that embodies the accepted principles of fluid mechanics. 
If the value of the retardation factor in the foregoing calculations had been 
assumed to be n = Mm = 0.012, the velocity for maximum uniform flow would 
i. have been 154 ft per sec; the retardation factor for water alone, n., , would be 
4 0.0055; the water depth, y-, would be 0.81 ft; the mixture depth, yo, would be © 


ey yf 5.4 ft; and the percentage of water, p, would be 15%. The distance 3 a 


- to attain this velocity was not computed. Flow under these conditions would 
be r practically i in the form of foam and spray and the velocity | would be much 
_ greater than in any of the tests available. The flow might even be similar to e 
es characteristic ¢ of waterfalls by which “rockets” of water detach themselves — 
- from the main mass and are either dissipated into spray or engulfed i in the 
os - falling water at a lower elevation. _ Whether the writer’s equations would apply — 
such very high velocities must await verification by future tests. odd 
es The computations in Table 23 show that, using a value of n = 0.015, a 
—— dength of channel of 1,244 ft would be required before uniform flow conditions 
- would be attained, The vertical drop would be 680 ft. The slope used i in the 
alculations is the same as the 33° 10’ slope in the Kittitas chute. Since the 
entire length of that chute was 1, 301 ft and the vertical drop 340 ft, it is ex- 


2a tremely doubtful that uniform flow conditions had been reached as WAS as- 
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the bed slope. Disregarding the effect of any possible — 


if the ‘site slope is actually less than the bed slope the values ez Ne 
i git for the larger retardation factors on this chute as s compared with Ha 
3 Mr. Stevens has computed a velocity of the air-water mixture i in Col. a 
of Table 17 which is less than the velocity of the water in Col. 5. These two 
velocities should be identical and there is no reason for the water velocity being 
a 3 greater than the mixture velocity. From Table 23 the velocity calculated from 
a ¢ friction slope and the hydraulic radius of the mixture agrees exactly with 
that computed for the water alone. email differences that occur 


discrepancy in Mr. Stevens’ computations has not enti ehiechoed in detail. 
However, from Eq. 8, the ratio of = At Station 9+59 in 


ratio. of 1.20, whereas the Tatio ‘of R.) = \ 


(1.66)? | Pr 1.40. These should be identical; Eq. 8 is a mathematical 
a relation based on the Manning formula and is independent of the remaining — 


assumptions. The failure of these ratios to coincide accounts for the differenos 
In this dlowure if the writer appears to be rather ‘critical of those taking part 
4 in the discussion, this impression may be created by the fact that points of 


a difference have been covered rather than points of agreement. - On the whole, 


the writer is in accord with the ideas and suggestions brought forth. Many of 


_ these were most excellent and indicate the way for future study. PH OD ROBREM) 
A. A. Kauinsxe," Assoc. M. Am. Soc. C. E., anp J. M. RoBERTSON," 


/-. Jum, Am. Soc. C. E.—The writers’ part of the Symposium was a report on an 


A “methods, such as trapping of large bubbles of air by surface waves,” as 
- mentioned by Mr. Kennison. A little time was was spent i in trying to establish ‘ 
s particular phenomenon, but without much success. Mr. Kennison shows — 
how the information obtained on the jump in a sloping pipe may be applied — 
_ to the solution of the problem of the removal of air from high points in pipe — 7 % 
lines. Fig. 19, showing the variation of the several flow factors with slope, — nS 
‘ depth, pipe roughness, etc., for normal flow conditions, indicates how the data 
4 may be utilized. . Unfortunately, this s diagram i is a bit involved for easy use 
i tn his discussion of the terms used in evaluating the momentum relation, 


me 36. As indicated by Eq. 44 for the special c: case in 1 which the j jump barely : * 
fills the pipe, Eq. 36 should be written, ot add te trad 
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When the jump barely fills the pipe—that i is, when s not much 


_ greater than the pipe diameter, D—this correction is appreciable. In mostof 


the correction to the data as plotted i in Fig. 16 is very ane In general, and a 


pps especially in the case used by Mr. Kennison, this factor should be included. ta 
Dak The other questions, raised by Mr. Kennison, relating to air removal and : 


The discussions by Messrs. Kindsvater and Johnson, on the various factors ¢ ° 
causing the measured data on the hydraulic jump (as presented i in Fig. 16) 
deviate from 1 perfect. ‘agreement with the momentum law, a are very instructive. 
It is probably true, as Mr. Kindsvater suggests, that part of the discrepancy 
is due to the neglect of the wall friction forces acting between the stations at a fe - 


= which pressure and momentum are computed. However, as he notes, it is 
x ty impossible to evaluate this factor correctly. Mr. Johnson suggests that this 
ae Bessy may be due to the fact that 4, the air-water ratio by volume, i is 
- different from 8, the air-water flow ratio. . The use of A rather than Bi in com- 
es puting the » values shown in Fig. 16 should bring them into closer ‘agreement 4 
3 with theory. In a horizontal pipe these two quantities should be very nearly - 4 
bs ite equal, but, in a sloping pipe, A should be larger than 8, as the air is being - 4 
5 dragged down by the water. In fact, the ratio of A to B should increase with _ 
By pipe slope. — Measurement of A by means of quick-closing valves, as suggested 2 § 
Mr. Johnson, is subject to several difficulties. or one thing the valves 


4 
4 ra would have to be very close together in order to cover only the jump itself. . 
Furthermore, such measurements result (due to the ensuing 


ia 
writers agree with Mr. Kindsvater that, in analyzing the jump in 
a : sloping conduits, it is essential to know the length of the jump. Considerable — 
data were obtained on the length of the jump, but no good method of 
S an them was found. In the light of Mr. Kindsvater’s discussion, the data were . 
analyzed, yielding the results shown i in Fig. 37. Since the data taken in the a 
ae horizontal pipe were inadequate, no comparison is possible with the data pe 
B Beet ort in Fig. 22 by Mr. Kindsvater. There is considerable experimental scatter in 
4 oe the data, but it, appears that in sloping pipe lines, the jump-length ratio, — 


is inde of in contradistinction to the horizontal pipe. 


1s oe In these measurements, the jump length was taken as the distance from the 2 
ae start of the jump to the point where the water surface left the top of the pipe 4 q > ee 


& 4 at the start of the air bubble below the jump (see Figs. 12(a), 12(b), and 15). ce 
a a similar point did not exist for the horizontal pipe. The lines representing _ 


the average trends of the j jump- len tength the different BS 
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study of this general problem which is now complete although not yet 
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a: The t plots just described indicate the aches of the j jump length i in anal 
i pipes, with the Froude number, pipe slope, and jump height. If this is to be 
a e é used in computing the pressure Pe below the j jump i in a sloping pipe, the solution, 
Boe aa for certain conditions of flow, becomes one of successive ye approximation, because 


“ie” 


y 


of Therefore, some other method of correlating the length 
parameters is desirable. In the complete, original manuscript of this — %™é 
paper was that the ratio. of to initial depth, 
related to - through a power- -law Since this was 
“§ rough relation, with some 50% variation, it was not presented. 
analysis has indicated that for any slope and initial depth, — varies dake 
3 the first power of (F, — 1), although there is some scatter in the data. . Asa 
It of this variation, the relation among 5, is shown 


ae . 39. ). With a a little s smoothing of the points, a fairly definite trend | of 
a variation is apparent for the length of jump in sloping pipe. wl Points also are + 
5 4 shown for some data obtained in a horizontal pipe. These differ | markedly from | 


% the trend for the sloping pipe, indicating the limits of applicability of this { 


plotting. Whether this difference is due to the fact that a different definition 
n. 4 of the end of the jump was required in the horizontal pipe, | or whether it is 
a” due to a fundamental difference i in jump action, can be determined only from 
Vy. __ The writers wish to thank Messrs. Kennison, ‘Kindsvater, and Johnson for — 


Sly very instructive discussions, which add much to the original | paper. 
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ADDRESS AT THE ANNUAL CONVENTION, 
ANGELES, CALIFORNIA, JULY 28, 1943 
By EzRA B. WHITMAN,’ PRESIDENT, AM. Soc. C. 


aM ‘The ‘objective uppermost in the minds of all t 


the winning of the war " against the Axis, and 1 we can all be proud of the civil © 
8 part in this effort. War Survey | of J une 26, 1943, states ‘that 
a the War Production Board reports that all projects for war industrial facilities — 
3 financed by public and private funds reached $19, 339,000,000 between June, — 
1940, and the end of March, 1943. civil engineer was responsible for the 
planning ‘and supervision or construction of the greater part of this work. ¥ 
Projects costing tens of millions of dollars were planned and constructed in 
- incredibly short periods of ‘time, making it possible for our industry to produce 
amazing quantities of the necessities required for waging a successful war, ‘the * 
_ effects of which are now being realized on our own and our Allies’ battle trout. 
Previously, P1 Presidents, upon occasion; have directed their annual addresses 
“a to the condition of the Society, much as the President of the United States is 
\. called upon to report annually upon the state of the nation. Even at the risk — 
_ of some repetition it is my wish also to comment on the state of the Society— 


a not so much, however, on where it is and how it came there, as to where it 


Developments of f relatively recent origin have been significant and have > 
brought about changes’ in ‘the attitu de of the Society, or “attitudes which the 
- Board of Direction has adopted with respect to those circumstances, and which | ¥: 
2 it has sought to express on behalf of the Society in new procedures set in process. . 
Bo me shall s speak of of "several relatively new developments—the addition to the 
- staff of a representative resident in Washington, D. C., ‘and the function he 
_ performs; the participation by the Society in resistance to the recently ac 
E celerated movement to take the professional engineer employee into “organized = 
labor”; and the plans of the Society in regard to: postwar construction. ‘Tshall 
too, of the by members of in the tremendous” 
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om defense and war construction alia the renegotiation of those contracts; 
assistance rendered the Army, the other federal agencies 


July 1, 1943, the of the Society was 18, 920, a 


Ee 4 Bs q growth of approximately 1,060 over the membership on | the same date a year 
ak ago. Applications for admission a that date were almost precisely the same — 
pe a in number as those of a year 8g. 4 Notwithstanding the cancellation of dues 


‘to more than 500 ‘members, as authorized by the Board for those i in the lower 


equal to that of last year, a situation which has permitted the Board to authorize ay 
hose procedures of which I propose to speak further. IgA, Sa et 
technical activities of the Society, it must be admitted, suffered 
_ from the impact of the war. In large part, the personnel of the technical 
ay - committees has remained intact, but members have been diverted so generally 
eiche to the war effort in its many phases that the attention they would have va 
: “normally to their respective assigned problems has been necessarily diminished. 
: Also, the reduction i in the number of meetings of i the Society and of the sessions — 
4 of the Technical Divisions has led to the production of fewer papers available — 
i, for the Society’s publications from those customary sources. This situation — 
“J has been intensified by the censorship, imposed by the government on the ; 
7 theory that some material that would interest and inform our members might 
algo inform the enemy. Notwithstanding the consequent inability to publish 
highly qualified papers, and the government’ requirement of a 10% 
Be ay in the use of paper in 1943, the ‘publications have maintained their 
Be yrs standard of excellence. The reduction in volume has been felt necessarily 
in the production of all the technical output of the Bociety, bu but it is sags 
_ In general, therefore, it may be said that the Society is in a very heal thy i 
a condition financially, although i in somewhat of a “state-of-being” rather aa 


< 


ee ee ‘in full action on technical matters, _ On the other hand, there has been 1 greatly 


+} 


— increased activity i in matters relating to the economic eeu, of its a_i 


depression most World War, but new words 
be coined to give vividness to to he description. yne fact the that 


certainly cannot ignore is ‘that the ast decade has seen the coneen- 


only to chart a sane course that would their engulfed 
the ewirl. this trend, the ‘Board of Direction, 
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could. § Cor 
rs 
nd adopted a Constitution. _Enginee itis 
—— "agreed to a central government a inst 
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940, deemed that it be y in the Nation's’ 
a only to enable it to better preserve its balance in National affairs, but in ae 
that might -eontribute its. proper share of professional ability” an ever- 


| h time 


a} =e a member of the staff should ‘spend as much time as was necessary in vats 


>, 


‘Washington, during the development of the Defense Program, to 


safeguard | the interests of « civil ‘engineers in all ways. In accordance 


ional 


he aided in the ts of contract for the professional engi- 
neering services desired, and in the determination of fees to be paid to engineers, My aes 
_— or engineering firms, to be retained on defense work by the government in a 
Construction Division of the Quartermaster Corps, later the Corps of Engineers 
of the Army; the Bureau of ‘Yards and Docks of the Navy; the Federal Works» 


fe services to the its “respective function in a 
. believed to be of advantage both to the government and to the professions. __ 
When Mr. Jessup was called into active service as a Major i in the Corps Pts 
a of Engineers, U. 8. Army, in the fall of 1941, the Board of Direction concluded — Lk i: 
4 that conditions warranted the establishment of a Washington office of the ~ 
Society and the placing of a full- time representative there. In November, — 
1941, Hal H. Hale, M. Am. Soc. C. E., was éngaged as a member of the staff 
= to take up residence i in ‘Washington and was provided with an office and an 


fea conviction that the Society « could then keep pace with the rapidly shifting 
tide of events and be better situated to be of service to the country and to 
Society ‘members. ‘That these conclusions were well taken has ‘been amply 
demonstrated by the many calls for service made upon the Washington office, 
_ not alone by the Board of Direction, but by various wegen wate ‘and 


+ in Washington, which may affect, or unfavorably, the 
welfare of the civil engineer. — He has been charged particularly to explore i 


he: ways and means whereby the Society can be of maximum service in ‘all war 


a lobbyist. have been established, however, with of the 
_ Congress and with many executives in the various federal agencies, by whois: . 
= it is satisfying to record, these contacts have been viewed as helpful. In many 1 


; pe the function of the civil engineer 2 and his particular capabilities have 


acts; 
— «| 
iii 
net 
year — 
| 
ower 
| 
nical q a 
rally — 
— 
— 
night — 
10% 
— 
rily 
— 
althy — 
— 
— 
ne 
‘il its — 
orld’s- 
bably —_ 
— 
neen- 
could ae 
could 
od by — 


THE SOCIETY TODAY 


‘The current of events was moving swiftly i 

Washington n office was established. _ On December 7 of that ines ie had 
been a measure of aid to our friends fighting for their lives in a European war — 


_ became overnight a fight to the dea death for our very survival in a world-wide eo 


| Stone - One cannot exist in Washington and be unaware that it is a place where 


laws are made; nor can the Society escape such awareness Many of the laws 
ae so made are » of vital concern to engineers. - One of the important tasks of the 
iis Society’s representative is to keep informed about new legislation and be in 


ate position to advise and assist, where necessary, in the review of proposed 
legislation, well as to keep the ‘Board constantly informed about such 
Recently a law was proposed for the purpose of reorganizing the U. S. 
_ Public H Health Service. Be Unfortunately, i its original wording would have ate 
oe engineers from holding administrative positions in the reorganized agencies, — 
_ reserving such positions for medical officers only. This inequitable situation — 
was ir immediately brought to the attention of the Congressman sponsoring the — 
bill, as well as to the Surgeon General of the Public Health Service and other — 
- officers of that Service. Numerous conferences were held and, when the bill — 
was brought up for hearings before the appropriate committee of the Congress, = 
our representative testified and placed i in the record the } proper criticism, with — 


changes to remedy the situation. Strikingly, the testimony aves 


or effi ci ient service as. other off officers i in th the e Service rwise 


Another experience, functions performed Mr. Hale, 


form of contract for professional s “services ¥ was s adopted by that” * agency y in 
_ September, 1942. Although the new form left much to be desired, particularly e 
from, the . standpoint of | compensation, i it was an improvement over the old, 3 
a and at ; last. placed the engineer on a plane with other pre professions involved, & 
a status he had not previously been accorded. odd 
fs mare | would 3 not be practicable, within the limits of such an address as this, © 
to review in minute « . detail all of the tasks that the Washington office has been 7s 
ake and is being, called 1 upon to perform. Much of the work can be placed in the 
e category of the general welfare of the engineer, It is proper to mention a 


a few of 1 the agencies with which contact has been made, such as the War De- 


Commission, National Roster of Scientific and Specialized Personnel, 


aM va Civil Service Commission, and, of course, various committees of the Congress | e 


ae The Washington office, i in a sense, has been a clearing house for information . 
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‘THE SOCIETY TOD AND : 


matter of | both whiéh I shall later. 
than thirty bills relating to postwar planning, in one form or another, have 
been introduced into the 78th Congress. Our representative at Washington ; 
has collected , analyzed, and commented upon these for the information. of the 
Board of Direction, and, by published articles, for the information of the 
_ Society's 8 membership. It is through him that the Board has been enabled to — 


conversant currently with bills in process of, or already intro- 


EMPLOYMENT ConpDITIONS AND Untonization OF ENGINEERS _ 


moting the pation of the professional civil engineer in his social, 
financial, and moral relations. These activities aim at increasing the engineer’s en 
standing in his community. They aim at placing his financial remuneration 


i in its proper place in 1 comparison ¥ with that of the other: learned professions, 


dealt with ae parts of the United States. Under } pressure eof 
changing conditions, and because of recent social legislation, these activities 
a have been broadened and another committee has been added—the Committee ” 
on Employment Conditions. This Committee has to do with employer- 
employee relationships, employment conditions, ‘and with the trend 
4 : toward pressure grouping and collective bargaining, == 
vas several years ago that the Board of Direction established a Pre 
fessional Department consisting of several “committees having to do with 
- matters such as the registration of engineers, salaries, and other professional — 
bjectives. In January, 1942, however, a Committee on Employment Condi- 
_ tions was authorized, the function of which, although not yet defined in =a A 
: on is to give study to those several matters relating to employees, ae 
er than their salaries, such as) working “hours, va acation a nd sick leave, 
On March 1, 1942, Howard F. Peckworth, M. Am. Soe. C. E., as Assistant Be 
a to the Secretary, was: assigned to devote his full time to these matters. His ; 
a “first step | was to make a careful study of federal legislation relating to hours, anes 
a _ wages, and conditions of employment, He then made a trip of some 14 000 . 
3 miles investigating the alleged unionization or pressure groupings of of engineers, 
subsequently reporting his findings to the Board of Direction. In consequence, 
he was instructed to be of help, wherever practicable, tin, the settlement of — 
Be (> His general observation was that engineers do not. wish to affiliate with Z 
organized labor, but that they do desire some form of group organization to 
assist them in perfecting salary ranges, normal hours of work, vacation periods, 


leave, tenure of position, and other employment conditions. These, they 
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be established authoritatively to ie: as normal 
ios conditions of employment. In rendering advice to just. such groups i in Arizona, 
California, Florida, Illinois, Kansas, and Louisiana, he “traveled another 
a result of definite “Fequests from engineer employees, or 
employers, he has acted as a a conciliator, or adviser, in several instances. 


Mi this connection he traveled some 7,000 miles (a total of 30,000 miles traveled 


_ in 1942) and came into official contact with the highest representatives of the 
cate Army, Navy, | U. 8. Conciliation Service, and Ne ational Labor Relations Board. 4 
When the. Amatican Civil was. founded | in 1852, its 


situation’ under which we all live, ‘the "engineer employer and the engineer 
employee work together. Because engineers are employees, they 
subject to the recent social legislation which has to do with matters relating 


to employees. On this subject I shall speak plainly, not as representative of 


: oe any attitude which the Board of Direction may have, but as eRe: 


— 


This legislation in behalf of employees started in the United States with | 
he Railway Labor Act which gave the employees on railways the right to 
join together for collective bargaining. This right was further defined, upheld, 


and extended to practically all employees in a 
instance, i in the Norris-LaGuardia Anti- Injunction Ath, the National Industrial 


implemented by ‘such boards. 4 as the National Relations Board, the 
Conciliation Service, and the National War Labor Board. 

Efforts on behalf of engineer employees have been put forth by the Board 

et of Direction of the Society i in many directions and continuously by the ac activities 
of a Committee on Salaries, another on Registration of Engineers, publicity 
“Say _ representatives i in each Local Section, and a full-time staff member at Head- 4 

quarters, etc. Later, the Board established a Committee on Unionization, 

the function of which was subsequently broadened into that of the Committee — 


The report of the Committee on Unionization (Civil Engineering, 


s for membership i in the Society than has his or 


ts 2. The National ‘Labor Relations Act has encouraged the formation of new 
unions and the extension of old unions and i is now the law of the land. — Sub- 
professional workers c cannot be exempted from its provisions. Pre-professional 
engineers, mostly young college graduates, cannot be exempted from its 4 : 


provisions. Employee professional engineers be exempted fro 
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4 THE sOctETY 


the situation the latter into vertical ‘unions ‘where their 


identity would be lost and their interests forgotten because of the greater 
fare Existing unions are inadequate to represent « engineers in collectiv 
action. Experience has shown that group action can be taken by the 
hy. _ without resort to strikes or other reprehensible tactics. It should be recognized — / 
a hat some engineers feel the need for collective action. 4 Unless the profession — 7 


ets about to meet this need by | some organization « of ethical-consciousness, “7 
te must look forward to the extension of union membership among engineers and © 


bos gradual transfer of engineering to the classification of a alae view than : 


ey 5. To minimize the need for collective action by e engineers, the Society 
should adopt and maintain an adequate and reasonably uniform dined. ; 
_ schedule for the several grades of engineering employment. In addition, the 


Society should be prepared to cite a member for unethical practice when 


a that member pays less to his employees than the established minimum. — 


These pronouncements, although I have chosen to rephrase them somewhat, © 


were e adopted by the Board of Direction at its meeting held in January, 


and were printed in the Society’s publication, Civil Engineering, for March, 


“Wet Late in 1941, the Committee on Unionization was disbanded and ‘elias 
Committee ‘oh Employment Conditions." “As: already stated, early i in 1942, 
& 3 Mr. Peckworth was detailed to spend his entire time on the subject of employer- 
a employee relationship. on In order to have knowledge of the exact facts in all 
pate of the Nation : about this subject" of employment ‘conditions and the _ 
“Ss reported | trend toward the unionization of engineers, Mr. Peckworth, after 
e making his nationwide survey, as previously outlined, was directed to prepare = 


for the Board of Direction a comprehensive report that « could | be used to guide 


"The conclusions reached by him were that the individual citizen seeking — 
improvement, in a democratic form of government, “must join with others 
having the same urpose; that recent legislation in the United States has 
greatly increased and facilitated the possibilities of group action; that, under 
a these legislative enactments, unions have grown “strong, especially those 
affiliated with organized labor; that, because | sO many engineers are employees 
ag ‘needing group strength, they are aware of this trend toward grouping, collective _ 
bargaining, and the forming of unions; and that professional and pre-profes- 
sional civil: “engineers, invol ved in in “these trends and these conditions, h haye 
expressed a definite distaste for affiliation with organized labor groups, and 
‘that they have given voice to decided preference for help from this, their iit 
national professional s society y. Thus, they are looking for org anizations ee 
functioning as pressure groups, will protect them from affiliation with organized — 
labor and at the same time will actively promote their economic interests. 


= we The report went on w ‘conclude that one answer has been | a vor «renal 
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“commission of t the Board of Direction wi when it directed the staff to be of as- 
sistance wherever | possible in the subject of employer-employee relationships. 


‘members: in the legal and economic “elements of collective bargaining, in 4 


group are in need of F special consideration, and in providing advice and help 
; 
_ These conclusions were voiced in the report submitted aes » the’ Board of 
_ Direction of the Society at its meeting held in Minneapolis, Minn., just a | 
year ago this ‘month, at which time the question was asked of the Board of ‘a 
‘What should be done about this matter?’ The Board 
ae ‘hance to commission the staff to be of assistance in these mathens' 
whenever that assistance was requested ar and was | found to be possible. eros tits a 4 
In the past twelve months this commission has led to many 


E = developments. Individual employee engineers have appealed to the Society 


fe: for assistance in employment n matters, and that assistance has been given to 
them. Individual employers who were being subjected | to the ill-advised 
actions of subprofessional labor unions appealed to the Society, for help and _ 

: assistance, and it was given to them. Groups of employees in several different 

parts: of the United States have “requested ‘and have been given individual 

as attention. _ In some cases their interests have been sponsored and promoted ip 

ag, government offices to the very top. In other cases their interests have been 

ca carried before war labor panels. In ‘other ‘eases it has been possible to be of 
ee assistance to them, at the immediate site of the project, by personal interview 
‘and by conciliation between the employer and the employees. ‘Executive 
3 engineers at the heads of large technical organizations have been given advice | ‘ 
BS ce in regard to their methods of dealing with groups of employees, both those 
affiliated with organized labor and those not so affiliated, Extended efforts 
have been. put forth to improve the contractual conditions which engi- 
= neers work when they are employed by the so-called ‘ “engineer-architects” 33 
tes and ‘ ‘engineer- architect-managers” under U. 8. ‘Engineer Corps contracts for 
war construction. State engineering societies have been. advised of procedures 
whieh will protect the professional engineer within their state boundaries. 


po These general citations outline i in part | the field which has been covered by the © 


TS eae _ Hardly more than a month ago a situation arose in which the Society was 

vt committed toa a definite policy, i in which, by the way, I heartily concur. . Details aa 

of the experience will be found in ‘the July, 1943, issue of Civil. Engineering. _ 

Suffice it to say here that, when an American Federation of Labor union of — 
subprofessional employees o on a . large construction project had demanded that - 

-.* a professional engineer r employees on that job, who were greatly outnumbered, a 3 


should be required to be represented by that union, the Society’s staff vipersaig 4 


the already established and respected national engineering societies in the 
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The average professional engineer, engrossed in the details of his particular 
problome ic often of these modern social: trends and the 

ag ountry regarding the subject of th 


past year, and the experience gained by. giving assistance to 


; engineers actually involved in these matters, that there are inherent implica- 
tions which affect the entire engineering profession, whether one be a young var > 
a: _ engineer in pre-professional status just ov out of school, whether one be a ro- 
fessional engineer working on professional assignments as an employee, 
_ whether one be a professional engineer at the head of a private organization 
or at the head of a large governmental bureau. 

a _ These implications relate to the curtailment of the right of private « owne 

ship. Recognition of the right of employees to collective bargaining means, 

the past? were seldom accorded him. Another implication involved is ‘the 
i curtailment of freedom of speech. ~ Legislation | as it now stands forbids an 
ie employer to make certain anti-union statements . Few engineers are involved 
in the to this but it is well us that cognizance taken o 


“this: fact. 


review of the conditions surrounding Society activities emphasizes 
the need for renewed professional integration. Our Society i is the recognized 


spokesman for & a large and important learned profession a and as such it shoul 


seni Renewed efforts should be made to enroll all ener technical aerial 


this phase of Society activities, the subprofessional group should be made 
aw aware of the newly instituted ‘ ‘engineer-in-training” status and the various” 
-s states should be encouraged to follow the lead of the Model Law as recently 


| assumption of its rights “ unwarranted subprofessional groups. To facilitate 


Society has recognized the professional need for ‘group 


sphere of influence should be widened be committee sien: in ‘each. Local 
ion and among qualified state professional societies. 
“matter should anticipate the need for action, 
a _ Salary classifications and schedules are worthless. unless kept up to date 
and right at ‘this tim time one or more such schedules, should be adopted 
“thereafter kept up to. ‘0 date continuously. 
a _ These activities are of the utmost importance to the profession. A neglect 
of action | at this time may possibly mean the absorption o of the | profession by aks 
other aggressive groups, the effect of which would be to reduce the profession — 
to the status of a trade, devoid of freedom, life, and the inspiration which in Se 0 
‘the past has | kept the civil engineering profession in a a place of of leadership i in es 
the development of this great country. Action in these matters will mean the 
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continued of this Action will assure the leadership 
_ which we must maintain in the otevinig days in which we are now living and 


 --: During preparations | for defense, and later for war, the Board. of Direction _ 
has been reluctant to suggest that postwar construction should be planned for 
n advance. . However, the time has come when men beyond the draft age, 


. and d now released from the war construction program, are available, with 


to both capabilities and time, to engage in present planning for Postwar 


af gg The | construction of public works, it is to be admitted, cannot provide for 

- full employment of all those who » will be 1 released from. war industries or who. 

will be returned from the Armed Services. However, the construction industry. 

a large industry, employing normally | millions of men engaged directly on 
the. site, and, indirectly, i in the production of raw materials, their transportation, ] 
and their manufacture into articles used in construction. Moreover, there is r 
4 of reservoir of useful public works, 


_In addition, many | useful public works 
are needed, I wish, ly stress the ‘useful for 
n. The term ‘ 


ae) “being in general, in accordance with the policies of the Public Works Se 

istration—carefully designed, subjected to appraisal of their economic sound 
“ness, and built, in the customary manner, by skilled contracting organizations. 

(6) Those public works of another nature were essentially | not other than 
a medium for a social ‘experiment wherein “made” work was devised primarily 
oe to provide occupation with pay for those unskilled individuals who, too — 
; er frequently, were wniwilling ‘to work as do those | who have a pride in their work, 

rather than have them “go on the dole.” Such. were those so-called ‘ ‘public 

works” which were brought into being, in general, in accordance with the | 

policies of the Work Projects / Administration. ad done, 


AnD It is with the hae that the policies which then prevailed with respect: to 


i the projects sponsored by the Public Works Administration shall again prevail 


I have stressed the word “useful” ‘as prerequisite. In this I am ‘sup-— 


"pore by the principles formulated by the newly established Society Committee 
of Post-War Construction. The members of this committee are practical 
“i men of wide experience, men who have designed projects that are sound 
Bac - economically and useful in character, and men who have builded well. They 
3 id . _ have formulated a statement of criteria by which postwar public works should 4 


be 


Fe: 
On April 28, 3, 1942, the President of the United States signed the Bill 


-_ Providing we he renegotiation of contracts where it appeared that an excess 
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_ amount and arise from misconceptions, held at the time when the contracts — 
were awarded, of the nature of the work involved, or which may: have accrued — 
throug gh the possibilities of mass production. + Now b He: 
The question of what is an “excess profit” with respect to the type | of | fe 
Wo ork performed by the so-called architect-engineer, or under the architect- 
engineer-management contracts, appears to be extremely difficult of definition. 


gn large part, the work of these architect-engineers i is that of a mental oe 


an are alike. The "question, therefore, of how 
excess profit is to be determined with respect to the 


concern to the ‘many members of our Society who been awarded chest 
= on which they have expended time and energy to the utmost. bs 
. he At the request of a ) representative of the Corps of Engineers, a committe 
Society members consulted with representatives: of that, branch ‘of the 

government and, without attempting to formulate precisely a formula by 
| : which to calculate excess profit, if any, nonetheless presented those representa- 
— of the government. with a memorandum indicating the many experiences ~ 
Which, taken into consideration when profit, or excess profit, is = 

Wasmincron Commirree 
es Not) a was the renegotiation of contracts a matter of vital interest pon 
our many members engaged in construction projects for the various branches ae 


“é the Armed Services, but another matter of overtime payment by employers. 
men employees was raised ‘by suits for overtime payment brought 


payment or for ‘overtime, were dictated by the a area 

- aaapenr of such salaries and for overtime work under the contract terms was 
--reim| ursable by the government, b but ‘it was the e architect-engineer who was 
_ sued | for overtime ‘payment: ‘not allowed by the area engineers. % After 


‘Many conferences and negotations our Washington Committee, 


relieving them of responsibility for. overtime re 
not allowed by the area engineers. At the same time the employee 
- who may legally be entitled to further payments can bring his suit: ‘and if 
entitled to further pay can secure it from the federal government. joa 
“yen bas 000, od} yidedoiq Jaf) ‘od 

to ARMY, Navy, AND. CIVILIAN PERSONNEL 


“Ever since 1940, when the thought of the necessity for "making preparations: 


_ 
profit had accrued to the contractor. This Bill related, or course, to those mem- 
-and bers of the Society who, as individuals, or as pai - 
ociety who, as individuals, or as partnerships or firms, had had 
eontraets for the construction of Army, Navy, or Maritime Commission proj 
cannot ‘tak ti avy; ane projects. 
e exception to the idea’ of renegotiations, the results of ig 
Puen which are to recapture for the government sums which are Don 8 
ction: the government sums which are truly excessive in 
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tg tion, the members of which would be capable of rendering assistance to seven 
:, ee including those of the armed forces, in their r acquisition of 
* suitably trained men to assist in the functions they were called upon to perform. _ 
a First of all, a consultative committee to the Army and Navy Munitions Board, _ 
——eonsisting of five members of the Society and a member of the American ; 
Institute of Architects, with the then President of the Society, Col. John 


: = Hogan, M. Am. Soc. C. E., as Chairman, was appointed by the Secretary of 
ma War to advise him with relation to the contracts which would be entered into 


for the building of then-call -called “defense plants, shipyards, etc. This 2 
committee, shortly after its appointment, called upon the Society’s tre 
the names, addresses, and significant data of all of those engineers in 


the United States who designated themselves as consulting individuals, or ff ha 


firms, to. whom the government n might look for the design and supervision el 3 ow 
3 construction of. needed © camps, cantonments, defense industries, shipyards, | 
dry docks, etc. staff, securing the aid of the staffs of other large engi+ 
oe neering societies, accumulated a list in excess of 3,100 such individuals or firms 

_ with the data requested and made the information thus gathered available to 

aa the Quartermaster Corps, Corps of Engineers, and Bureau of Yards and Docks 
| Continuously since that time, as recounted each | year in the Annual Report — 
cy ag of the Board of Direction, calls have been made upon the Society to assist in 
the selection of men for the “Seabees, ” the Engineer Corps s of the Army, the 
Provost Marshal’s Office, and other governmental agencies, in connection 


es with which notices: have been printed in Civil Engineering,” or lists of the 


a “field, as indicated by membership in in the several technical « divisions, have been 
On the other hand, efforts arising at the Headquarters: of the Society have 


of civil engineers and suggesting whereby those indudtet> 
_ into the services might be sought out, appraised, and reallocated to assignments _ 
in which their value as trained engineers , might be of 1 more » significance to the 
government in its wer mond and of more to them as participating 
has been said to be an ‘engineers’ war” and, although that may 
apply s also to engineers engaged i in industrial processes relating to the production 
Pe 3 ee guns, ammunition, and other material, the members of the Society have BE: 
flocked, naturally, toward service with the Corps of Engineers of the Army 
and in construction battalions of the Navy, as well as to artillery units and 
those units engaged in the construction of airfields here ‘and abroad. 
e Iti is not known how many members of the Society are in uniform, although | & 
it may be safely estimated that © the number exceeds 4 000 and may 


even be as great as 4,500. A survey ‘made in the latter Bose of last year 


es, and it is” 
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much as 50% or more, seems in view of the fact 
those-young men graduating from. colleges in the latter part of last. year 
‘and the early part of this year, although they have joined the Society as 
‘Scales: also stepped from their graduating platforms into uniform. —<dtisa 


for the Armed Services, were “nonetheless “desirous of “affiliating: with the 
og - professional society of that branch of engineering in which they have been 


which occupied its atéention before the war descended upon the vast majority 
of the peoples of this earth and greatly emphasized still other problems relating — 


“before this time were in connection with technical activities, but since the ae 
eg war started we have been forced | to give greater consideration to those problems — 
which m may ‘be termed “human relations” in addition to our technical work. i e 
ee Ai] The welfare of the engineers of all grades and the struggle to secure proper a, 
Bi recognition of the engineer from a professional point of view are questions — 
_ which have forced themselves upon us to a far greater degree. That some 
organization should consider these questions, in my mind, is perfectly manifest, 
that our Society is: the Organization best equipped to undertake ‘this, 


The Secretary and his staff of able assistants have carried the of 


- this work, and I think they have done and are doing a fine job in these new 
4 - fields. This paper should not, be closed without a word of recognition and sae 
hearty commendation for the work which they have been doing. 
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‘MEMOIR OF NEWELL TALBOT 
[OIRS OF DECEASED MEMBERS. 


ARTHUR NEWELL ‘TALBOT, ‘Past-President and Hon "Sas 


Harriet Newell ‘Talbot, was born in Brockville, Ontario, Both had 
_ le brought as children to the new settlements in northern Illinois in the tide B 
of immigration, principally from New York and New England, which 


55 miles west of Chicago, and in the at 4 

ea jak After completing his high school course he taught a country district school — q 


a gail 1877 he entered the University of Illinois: (then | known as the Illinois 
can Industrial University) at Urbana to study civil engineering. . The University £ 
i o a ae at that time had about 300 students of collegiate grade. Arthur Talbot was a . 
brilliant student—indeed, his scholastic average remained the record for n many 
ae fee years. However, he did not devote all of his time and energy to study, but — 
active in extra-curricular activities. He was Secretary, Vice President, 
‘and President of Philomathean Literary Society, Associate Editor of the 
a Illini, delegate to the Interstate Oratorical Association, class essayist, a lead- 
ing officer in the student government, and the ranking officer in the Cadet 
Corps. In addition to. these activities, he gave instruction in ‘preparatory 


mathematics and ii in his ‘senior ‘year was student assistant in 


time ‘that Mr. ‘Talbot was a student. ‘He took a prominent part in this 
_ Society, and the titles of his addresses to it covered a wide range of subjects. a 


it cannot be doubted that his interest in student literary activities, and the” 


speech and writing that hin been outstanding characteristics. q 
After graduation in une, 1881, ‘he v went west ‘and was for four years 


Kansas, and Idaho. The vy waked: experience gained during years, 
B34 and the steadily increasing responsibility as he advanced i in railroad work, 
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In Septemb shor, 1985, to the University of Tinéis ao assistant 


i professor of engineering - and mathematics. He taught a wide range of su 
jects, which at different times included mathematics, surveying, engineering 
drawing, contracts" and specifications, -roads and pavements, railroad ¢ enginee 


ing, mechanics and materials, hydraulics, tunneling and explosives, water 


In 1886" Professor Talbot, to gether witl 


‘worker in for fifty-six was: e last 
= bers. He was executive secretary from 1886 to 1889, a sieinihas of the Execu 


tive Board from 1086 to 1891, and President in 3000 and 1891. . He also was 


1890 he was appointed Professor of and engineering, 


his title the emphasis of his work continued to be placed | n snediahies and 
4 materials. i For more than forty years he e moulded and inspired generations. 
of young men and was a leader in the development and advances of this grow- 
ing engineering school. Always he regarded teaching as the most important 
part of his life work. He continued in this position until he reached the age 
ss limit of the University in September, 1926, when he retired from teaching and 
administration and was made Professor of municipal and | sanitary beeen 
engaged in directing an extensive research program. 
On d une 7, 1886, Professor Talbot was ‘married to Virginia Mann Ham 
in in Camargo, had been a classmate at the ‘University « of 
 ‘nois, ‘and was a member of Aletheriai ‘Literary Society, a member of the 
-s College Senate, and president of the Oratorical Association. t Four children 


jan engineer, Brooklyn (N. Y.) N avy Yard; Mildred Virginia, wife of Pro 


Rachel Harriet, wife ‘of Dean Harald M. Westergaard, M. "Soe. O. E., ‘at 
the Harvard Graduate School of Engineering, Cambridge, Mase. ; and 
~ Dorothy Newell, wife of Mr. r. Warren F. Goodell, farm manager : at Urbana. 


| Mrs. Talbot was a charming, cultured woman, devoted to her husband and 
Before the turn of the Talbot had ‘contributions 

to the engineering profession in.a number of fields that brought distinction to 

him and ‘to the College of Engineering. - One of the earliest was a formula 


; for areas of waterways for bridges and culverts. - Another was a formula for 


- used. x They bear his nan e today. ~ A small treatise on a very flexible method 


TH (tor? es 
- for laying out easement ¢ curves at the ends of circular curves (first described 


“emeritus. After his retirement continued until his | death to be actively 


were born to them: Kenneth Hammet Talbot, Assoc. M. Am. Soc. ©. E., ‘civil 


fessor H. J. Gilkey, M. Am. Soe. C. E., of Iowa State College, Ames, Iowa; 


a rates of maximum rainfall. - Both formulas have been often. quoted and widely o> 
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OF ARTH NEWELL 7 
by bite in 1891) was pu lished in 1899 as ‘The. Railway Spiral” 
and | has gone through se several editions. It has been used by many reileobday’ 
ai His | pioneer. work in. sewage treatment by means of septic tanks later “made 


“a for municipalities to contest certain claims on methods and 


increased facilities that were provided when the Engineering Experiment _ 
= was organized at the University of Illinois. He was active and in- 
Wear “fluential in. the formation of the Station. His leadership in formulating 3 
policies, ideals, , and | methods made the Engineering Experiment Station en 
immediate success. A comprehensive and thorough investigation rein- 
ig Ry forced concrete, conducted ‘and directed by him, was started in 1903 and con- 
_ tinued for many years on reinforced-concrete beams, slabs, columns, footings, 
pipes, frames, and buildings. ' This experimental work became a principal 
_ source of the early knowledge on | which the properties and requirements for 
of reinforced-concrete structures were based by engineers and 
organizations and on which principles and methods of practice 
tohe were formulated. The conception of relations existing between the strength 
A of a concrete mixture and items involving the absolute volume of the cement, 
the fine and coarse aggregate, and the ‘voids » in the mixture, put forth in a 
1% - paper in 1921, , and in a later bulletin, has } proved useful to concrete » engineers. 
; Toate of stone, brick and concrete, the investigation of steel columns and 
; timber stringers, and a variety of other experimental and analytical work 
“have added to engineering knowledge. Contributions were also made 
aD ts _ A notable piece of research that Professor Talbot directed was the investi- 
gation of railroa oad track v “Stresses i in Railroad Track. ck” This 


in. rail and other parts af the track or of the effect on the track of the ‘many 
variations. in action of the rolling stock its operation. Through twent 
seven years, with the help of a trained staff, a multitude of tests. were made 
es with various types of locomotives and cars on track of more than twenty rail- 
roads i in various parts of the United States, and experimental work was: also 
eonducted in the laboratory. Data from all these tests were interpreted and 
coordinated with analytical treatment to establish principles and findings. a 
In addition; to various minor reports 0 of this « engineering research, Professor 


3 albot prepared seven formal reports all of which have been printed in = 


— 
— the 
i 
— cars 
1 of testing paving it contributions 
1e standardization of testi de important cor materials, § 
: the standar f forty, he had ma ing, and testing 
Before the age of , sanitary of expe Exy 
— 
a. 
des 
— | rap 
«an 
nd cars m scientific n 
ing 


sgearch project on the interrelation between 


"i the design and construction of the e track structure to carry locomotives and 
cars under modern traffic conditions, as well as giving valuable information — 
applicable to the design of rolling‘stock. It has been characterized as one 
of the most significant co contributions ever, made to the scientific knowledge 

Professor Talbot’s written contributions to the engineering profession 
along numerous lines . The reports of the University of Illinois Engineering 
Experiment Station researches on concrete and reinforced concrete are given 
in seventeen Station bulletins, with five other bulletins on hydraulics, timber, 
steel columns, etc. Reports on concrete, reinforced concrete, cast-iron water 
‘pipe, methods: of testing, and other topics may be found in the Proceedings 
of the American Society for Testing Materials. . ‘The report ‘of the first Joint 
_ Committee on Standard Specifications for Concrete and Reinforced Concrete, 
in ‘in the preparation of which he participated, was published by several technical — 
societies, including ‘the American Society of Civil Engineers.’ 

Professor Talbot exercised a far- reaching influencé on engineering develop- 
ments t through committee activity in engineering societies. _ Taking a leading» 

in the work of the first Joint ‘Committee | on and Reinforced 

Concrete (1904-1916) as a ‘Tepresentative of the Society, he was influential 
in formulating principles | and methods of design based on the tests he had 

ma de and upon other data and analyses. _ As chairman, ‘of ‘the subcommittee 

on design, he formulated and advocated many of the views ‘that were adopted 


by the committee. The report of this committee exercised a 
n 


ong ‘engineers and a architects, on the ideas and practices in enginee 
design and on building regulations, in the pioneer period of reinforced-con- Tee 


crete construction. Me Most of the fundamentals of design then put forth are 

ill accepted. The tests of reinforced concrete made at the Tilinois labora- - 

a ‘tory were widely used by engineering schools and thus the information spread 
Beye to engineering offices. In the field of testing materials, he was active ~ 


Fr the Korean Society for Testing Materials from its beginning in in 1898 * 
and» too a leading part i in the work | of several of the technical committees _ 


and in municipal lines he to techiniéal ‘committee 


In the fifty- four years of his membership” i in ‘the American. ‘Society of 
‘Civil ‘Engineers, Professor Talbot rendered a yeoman’ ’s service in the technical 
> ae educational work. His was hard work rather than honorary assignments, 8 
and he performed his duties with his usual ability and thoroughness. In ES. 
1918 he was appointed a Member of the John Fritz Medal Board of Award ; toh 
it in 1919 he’ was appointed a a Society representative on the American Engine ie. 
‘ing Council; in 1920 he served on the Society committee for a questionnaire aa 
on a development committee, and in che & same year he was chairman of the ts 


he served as as ‘of 
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the Society committee on technical activities, a 


= 
capacity: che served for 


about dios years. “In 1924 he was appointed to eonfer with the National 8 4 = 


Buresu of Standards on cement, and was appointed to the Society’ 8 special 


mittee to consider a memorial for the late William Cowthorne | Unwin, =a 
Am. Soc. E., and in the same y year he also served on the on 
In 1927 he was appointed on the % 


Professor attained high reek: among engineering Hew 


its formation in 1893, and held various offices” including that of president. i 
_ He was president of the American Society for Testing Materials from coe 
to 1914. He was a member of a number | of other engineering societies, in- 
ed cluding the Institution of Civil Engineers, American Society of Mechanical — 
Engineers, ‘Western Society of Engineers, American Railway Engineering 
American Concrete Institute, ‘American Water Works Associa-— 
Public ‘Health Association, and American Association for 
Advancement of Science. In all these he has given service in one way or 
Professor | ‘Talbot, by reason of ability, in teaching, scholarly 
eee attainments, and discriminating judgment, was an active participant in the 
nd in the development « of the College of Engineering of the Uni- 
versity of Tllinois. made a noteworthy contribution in the development of 
laboratories dealing with testing of ‘materials and structural elements. 


it 


Starting with a small testing machine in 1888, the facilities have grown | 
Be Bak those of the laboratory now housed in the building which bears his name... 
The development of an hydraulics laboratory whose useful | and unique features 
been transferred to the new building was another contribution. In both 
of these early laboratories, and their successors, the variety and completeness 1 
ee of t the facilities and the productiveness of the research activities testify to the 
usefulness of ‘the developments. Few laboratories have produced great 


a8 variety of experimentation and as influential a series of experimental 


his long career “as an administrator, Professor Talbot selected and 
“il trained many men for teaching and research. A, He took a great interest in 
— men on his staff and used various means to promote their progress and 
- development. — Those associated with him could not be unaffected by the 
force: of his example, by | his high ideals, and by his strong personality. 


those who. worked with Professor Talbot are in 


4 
cted as consultant to cities and “business organizations: on various ocea- 3 


sions. He served on a board to determine the type of structure for the Gal- 
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_veston 


Francisco: Calif. :However,: his” research ‘and administrative 
work and his connections with téctinical committees so occupied his | time and 
energy that he limited the principal contributions of his life to engineering ‘i 
education, engineering research, and d the utilization of of fruits of. research 


by of honorary! by. the Institution | of 
_ Structural Engineers, London, in 1913; by the American Society for Testing 


can Society of Civil Engineers i in 1995; by the Western Society of Engineers 
4 in 1927; by the American Water Works Association in 1930; by the American — 


Concrete Institute in 1932; ; and by Asso 


In 1932, he was made a national honorary of Ohi Epsilon 


ternity. “On April 30, 1932, Professor Talbot was “made a national honorary 

member of the Triangle fraternity, a fraternity of engineers which has 
this honor to only two engineers ‘since its organization in 1907. He 

¢ was granted the degree of Doctor of ‘Science by. the ‘University of Pennsylvania 


i mg West Philadelphia i in 1915; ‘the degree. of Doctor, of Engineering by the 
LA es _ University of Michigan at Ann Arbor in 1916; and the degree’ of Doctor of | 


‘Laws by the University of Illinois in 1931. 
a In 1994 he ‘was granted the Washington Award ‘of the’ Western Society 
of Engineers “For pre-eminent services in promoting the public welfare, for 
his life work as student and teacher, investigator and writer and for his en- 
— contribution to the science of engineering. ud > In the same year he was 
granted the George Henderson Medal by the Franklin Institute in Phila 
_ delphia, Pa., , for “Invention i in Railway Engineering,” and a tablet was placed | 
on the Urbana and Champaign Sanitary District. Building stating, 
2 other things, “On this site, 1897, The Champaign Septic Tank was Built. 
@ Designed by Prof. A. N. Talbot. volt was among the first of its kind in the 
= country. ” In 1925 a bronze Plaque was awarded Professor Talbot by the 
ars “American Railway Engineering Association which read ‘ “An appreciation to to 
Arthur Newell Talbot, worker in :and, scientific advancement, if and 


\ oe knowledge of reinforced concrete design and construction.” In 1932 the 
for the Promotion of Engineering Education awarded Professor Tal-— 
the Benjamin Garver Lamme Medal for “Achievement in 
F _ Education.” In 1987 a bronze tablet was given to Professor Talbot by stu- 
x i dents, It read “Honors the Achievements. of Arthur Newell Talbot and His bs i 
x Contributions to Engineering and the Prestige of the College of Engineering, ee 
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MEMOIR oF ARTHUR NEWELL 


John Fritz Medal by the ‘United: Engineering 
eee $ “Moulder of men, eminent consultant on engineering projects, leader of re- 
search and outstanding educator in civil engineering. In 1938 the Materials 
re ne Testing Laboratory at the University of Illinois was renamed by the Board 
of Trustees the Arthur Newell Talbot Laboratory “In honor of Professor Tal- 7 a 
bot whose achievements in teaching | ‘and in research during a period of half : 
* oa century enriched the lives of students and advanced the science of engineer- I 
‘ se ” In 1942 a bronze plaque was presented to Professor Talbot on his 
eighty-fourth birthday by The American Railway Engineering Associatior 
oS Arthur C. Willard, president of the University of Illinois, in his address at 
the funeral of Professor Ta Talbot rendered a tribute in the course of 
oiraiee ‘His achievements as Professor of Municipal and Sanitary Engineer- 
_ ing in the College of Engineering have contributed more to the develop- 
ss ment and distinction of that College and its Engineering Experiment 
Pha irk _, Btation than the work of any other man. His many distinguished col- 
_- Jeagues in the faculty both past and present would be the first to approve — 
“But the influence of. this..great teacher and investigator extended far . 
- beyond the classroom, the laboratory and the campus of his alma mater. 
For more than 60 years he contributed brilliantly to the scientific peak 
- edge, the standards and the ideals of the profession of Civil Engineering. 7 
~The list of his scientific and educational writings including 
Beli and discussions, embraces more than 325 titles in many 


“His interests ‘were ‘niéver superficial | as a critical appraisal of 4 ‘any of 
_ his writings, even those of fifty years ago, will reveal. Anything Doctor | 
Talbot ever wrote is still sound and authoritative background for our 
engineering practice of today, *** botnets 
benalg | this man was no recluse working alone and apart from the affairs 


of men. During the most active years of his University career, from his 


ie ‘ana administration and became Professor emeritus, he trained and in- 
a spired generations of young men. Today. these men revere his 


ae eentting the fame of a great engineer. Doctor Talbot was no 
_ gtranger in this modern world of ours. Few men had a broader or more 
distinguished acquaintance than he had in a half dozen professional 
fields. He inspired respect and confidence. His judgment and advice 
constantly sought by individuals, associations and societies. He 
traveled far and devoted much time and to the affairs of these 
ie S08 “Such a record of honors would fully vectaletialh: ‘the name of. Talbot 
as one of the greatest in the history of the University, but the list is not a 
complete. On the 2ist of April, 1938, the Board of Trustees breaking 
all precedents by using the name of a living person, placed the name of 
_ Arthur Newell Talbot on the Materials Testing Laboratory to signalize 
i ac future generations of students the enduring contributions of this 
_ man to engineering education, research and practice. If the College ce 
Engineering the 74 74 years ¢ of ‘its. ts xistence had only one 
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he career | ‘of a most remarkable man has ended; he will long be 
al remembered as a master investigator, a fearless 
The deep interest which ‘Professor Talbot took in the professional societies 
is evidenced by the fact that, in the fifty-four years of his membership in 
the American Society of Civil Engineers, he failed to attend only three of the 
q 139. national | meetings held by the Society after his admission. » His friendly 
§ attitude, his warm smile, and his genuine modesty made him one of the most — 
widely known and best- beloved members of the Society. During all the 
a of his membership i 
never missed a meeting. — He went to Chicago on March 16 to attend the 1942 2 
4 meeting. | On the evening | of. March 17 he suffered a. heart. attack, at e 
Palmer House. ‘He was removed to the Passavant Hospital and was appar- 
= ently showing signs of improvement until Wednesday, April 1, at which time ie, 
> be: e suffered a stroke from which he failed to rally and passed away on ¥ riday, 


P rofessor Talbot was elected a Member of the American Society of. Onl 


OTIS ELLIS HOVEY, Bib bs 


hays Otis Ellis Hovey was born of sturdy Vermont stock in Kast ees: Vt. 


April 9, 1864. His father J abez Wadsworth Hove, who v was, a farmer ond 


he himself had been denied. after. finishing his. public 
3 education at East Hardwick, Otis entered the Cbandler Scientific Behopl ae 


degree of Bachelor of in “1885. his 
he attained grades of Phi Beta ‘Kappa rank, but, because of a ruling of the 
fraternity, he ineligible for membership. Appropriately enough, he was 
elected to honorary ‘membership i in this fraternity i in 1987, hovaly 
was determined to a civil engineer from his early bayhond.. 
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-1Memoir prepared by William P. Kimball, Assoc. M. An. Soe. E, and F, 
drich, M. Am. 1. Soc. Cc. 
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MEMOIR OF OTIS HOVEY 


_ worked as engineer of the Hoosae Tunnel and W iImington Railroad Company 
Massachusetts and Vermont. this | time he designed | his first bridge, 


eighty-foot timber truss, relying on the fundamental background of 
mathematics and sleaien which he had acquired in his undergraduate work. . 
ee “Realising ew? bridge design was his professional ambition, he spent the follow- ‘ & 
ing year as draftsman and “designer for the -Edgemoor Iron Company at 


Wilmington, ‘Del. The late ‘Onward: Bates,? Hon. M. Past-President, 


yO Am. Soc. C. E., was then chief engineer of this company, and, when the time a f 

came for ‘Mr. Hovey to enter school, Mr. Bates offered him a 

"attractive raise in salary and promotion “to test his determination.” As it 
was throughout his life, Mr. Hovey’s determination was firm, he 

ae declined the tempting offer and entered the Thayer School of Civil Engineer- Jf a. % 

d 

3s +2 _ ing at Dartmouth College. Here he made a fine record, standing at the head a a 

of his class, and receiving the degree of Civil Engineer in 1889. 

4 So outstanding was his record that the late Robert Fletcher,” M. Am. Soc. 

E., director of the Thayer School, recommended him for a & 

at Washington University in St. Louis, Mo., before he had completed his ree 


quirements for th e engineering degree. ‘Hovey was engaged 


“studies by mail. In addition to his ‘ he taught a 
- ee heavy schedule of engineering subjects, was in charge of the university’s test- _ 
ing laboratory, which was used both by the students and for commercial testing, 
4 and did special work with the late Prof. J. B. Johnson,“ M. Am. Soc. C. E. x a * 
This" experience, although an interlude in his career, was indicative of his 


ss entire life, for he was a prodigious worker and | possessed : a remarkable capacity 


for both intensive and varied activities. He was an able instructor and an : 
inspiring lecturer, iboth of which accomplishments meant much to him 


years, , for his contacts” with you younger engineers in his office gave him 


= turer in engineering institutions throughout the After a year at Wash. 
2 ington University, he resigned | to enter his. real lifework of bridge ‘designing. 
: Paes In 1890 he took a position as designing ¢ engineer for the late George S. Morison," ‘ 
rlbse ie Past-President, Am. Soc. 0. E., and he never again left this field throughout 


‘During his six years’ association with Mr. Morison, Mr. Hovey was respon-- 
’ ‘gas sible for the design of many small bridges and miscellaneous structures and of 
several major projects. Considering the fact that he was | only twenty-six 3 years 


. ye of age when he went to work for Mr. Morison, amazingly heavy responsibilities — 

mee: ae were placed on him. A few of the larger structures for the design of which he — 
was entirely responsible were the approaches of ‘the Memphis “Bridge 
Memphis, Tenn. ; ; the superstructure of the Bellefontaine Bridge across “the 


7 


#For memoir, see Transactions, Am. Soc. C. E., Vol. 102 (1937), p. 1484, 
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“als Chicago, ‘Burlington and Quiney Railroad Company into St. Louis; ‘the 
~~ Alton Bridge acrogs the Mississippi River at Alton, Ill.; and the Leavenworth aS 
Bridge across the Missouri River at Leavenworth, Kans. During the winter ee a 
of 1895 he prepared a complete design and cost estimate for a 8,200- ft suspen-— ca 
bridge ‘across the Hudson River | at’ ‘New York, N. ‘Y. The Brooklyn 
Bridge was then the longest span ever built, and here was 
bs _ engineer actually designing a span more than double the length of that 
f “at 3 = It is interesting to note that neither the span le ngth ni nor the 
ent, of bridging the Hudson River, visualized” by Mr. Hovey, was 


a 


1896 he became e engineer for the Union Brid Company’ it Athens, P 


os. ‘which was later to merge with other firms to form the American Bridge Com- = 
‘pany. Here “he in complete charge of designs and shop and erection 


drawings for a | wide variety of bridges and buildings, and also was “engaged ce 


. estimating and contracting for new work for the company. On one ee aad 


sion, he traveled to London, England, and contracted for a homber ¢ of bridges ae 


at 


which were erected i in South Africa. During this decade Mr. ‘Hovey gained 


| Bridge Company could have been obtained than his years as designing | engineer Me 
with Mr. Morison an the Union ridge Company. 
t thirty- four years with the American Bridge Company, in an official 
= capacity, constituted by far the argest part of Mr. ‘Hovey’ 8 professional career. a 


He entered the employ of this | company when it was formed in 1900 by the 


combination of several small ‘independent bridge companies, one of which was 


Union Bridge | Com F rom 1900 to 1904 he was engineer ‘of. 


United States Steel Corporation, of which the American Bridge Com- 
‘pa: ame a subsidiary, was formed in 1901. During this difficult period Mr. 


Hox Hovey’ 8 organizing and engineering ability was of inestimable value i in shap- % 


ing the course of the engineering department of the latter « company. 190. 


his office was s transferred to New York, and in 1907 he was appointed assistant 
chief engineer of the American Bridge Company, which position he held until — 


3 1931 when he was appointed consulting engineer and was relieved of many of ae 


administrative duties so that he could his entire time to the 
thia four of s service with the American Bridge Company, 


bridges. The practices in the. design and ‘construction. of movable 
bridge machinery i in the various plants which formed the company were antl 


ee divergent, and it was his nos oe 
3 issued a series of “notes” over a ‘a period of several on n the ‘of 
Be Pe slow-moving machinery. These “notes” became the text from which the he 
several offices in the company designed movable bridges and their operating 

Many of these “notes” were later incorporated, together with 

other data, in Mr. Hovey’s book, in two volumes, entitled: Bridge” 
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cl su In 1935 he also published an authoritative book on “Steel Dams.” 
one of Mr. Hovey’s ‘ “specialties” turntables. the. en, 
neering problems on ‘this subject in the company found their.» way to his desk, 
_ and he designed a series of turntable centers or pivots which were built | in 3 
considerable number and which he had The different types were 
“H-Center.” 
198 In 1904 the company pete Mr. Bore to visit London. and Con- a 
__ stantinople, Turkey, to investigate structural steel trade conditions, 

ticularly i in connection a “over the Golden Horn at 


: 


Williamsburg Suspension Bridge in New “ity in 1914, and, the 
‘renewal of the four large counterweight. sheaves on the vertical- “lift span over 
oy Willamette River in Oregon. All of these necessitated intricate designing : 

of ‘special tools and equipment | to enable the work to be. done without taking - 
the bridges out of “commission. Mr. Hovey w was justly proud of these, j 

not because they brought him any Pere glory, but because they were dif 


his ‘Thus, credit rest with engineers “employed the 
owner of the project. This troubled ‘Mr. ‘Hovey not one whit, as he loved” 
engineering and the | effort entailed in the solution of engineering problems. 
Those who ware associated with him remember the many times when, after 
weeks: of hard work, arduous and difficult computations had been solved nie 
and joy, pride, and elation shone from him and infected ‘every on on 

near, not because of any praise that might come ‘to him, but because of ‘the 


54 Stes pleasure of having done a difficult job to his own satisfaction. 


x Throughout his thirty- four years with the American | Bridge Company, 4 x 


aa 
of his greatest interests helping his younger colleagues along in 


= early of the co company throughout his” as chief 


engineer he knew practically every engineer and draftsman in the company — 
Jost no opportunity to advancement for the deserving. When 


description may well be included here of Mri office 
= bree? for so many years on the fourteenth floor of 71 Broadway,: New 4 : 
tall, dignified gentleman is seated between a large roll- desk 
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d a table spread with yellow calculation sheets, blueprints, and a slide rule, 

qaveloped: in clouds of from a “reverse curve” pipe, in a room lined 


Justice At the ond of a certain set of calculations the 
“removes his nose glasses, lays them the table, leans: back com- i 


= has the undivided attention of a great man who is the best of listeners and full. i 
sa of sympathy. After the discussion the subordinate goes away happy and 
¥ absolutely sure he has the right : answer and the Doctor replaces his glasses and 
his pipe and again is immersed in mathematical calculations. = 
His retirement from service with the American ‘Bridge’ Company was: ac: 
F. Boge with a keen sense of loss by all his associates. They “missed no ‘only 
his technical advice, but also his example as a gentleman who always lived up 
to a very high code of ethics and sense of moral and religious responsibility — ae 
- to his Maker, his family, his friends, his business ‘associates, and himself. ieee 
_ With his characteristic energy and enthusiasm, he opened an office of his — 


as engineer, also maintaining all his contacts and taking part 


' tion, and i in 1987 he was elected ‘Director, following the late Alfred D. Fl linn, 


3 M. Am. Soc. 0. E., th he only previous Director of this organization. — 


y _ Hovey’s duties necessitated considerable traveling for the purpose of visiting 
and shops where experiments: were being | conducted. grea 
knowledes of the properties of engineering materials and his experience it 


3 training in the he me of the funds of the Foundation, and his. engineering 
: ‘i ability was ‘helpful in the directing of its activities. Because he was a master 


3 of the English language far beyond the abilities of most engineers, the Annual fs 
= which | he: ‘prepared are. e 


of conciseness of 


and ‘paragraph were well nigh pe 


peculiar ability to lay emphasis when and where had a a distinct 
In addition to his day- in and day-out duties, Mr. 


fh his robust health, to engage in many other « engineering g activities ‘(Gor r which 
he is perhaps more widely known) such as writing books; lecturing at Xale 
University, New Haven, Conn., at Princeton University, Princeton, NJ, and 
at Dartmouth College; acting as treasurer for | the American Society of Civil 3 
> Engineers from 1921 to his death; and cai. as a member of the Board of 
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for the Thayer School of Civil Engineering connecte 


he was also a member of the Society for Testing Ma- 
terials, the American Railway Engineering Association, the American Welding 
Society, the American Institute of Consulting Engineers, the Thayer Society 
Engineers, and the Engineers’ Club of New York. 
t ~ Hovey was : also | active in many pursuits not associated 
He was an enthusiastic ‘member of the New England Society of New 
ay mi York City. He was interested in amateur photography. Always loyal and — 
ee _ devoted to Dartmouth ( College, he kept in close touch with all his | classmates by 
personal correspondence and regular ‘attendance at class r reunions. 1s, A dee ply 
religious man in the highest sense of the word, for a long period he was a ~ 
deacon in the Presbyterian Church. His participation it in these varied activi- 
ie ties always took the form of service and contribution and. might be char- 
_— eewined by his own words when he said, “The secret of contentment and 


bers of the Society will performance at convention in 
eer during the summer of 1940, in which he ‘participated, accom- — 
a3, panied by his daughter, Mrs. Ellen Hovey Davis. A previous occasion was 
f _ &% * * he assisted with J. E. Greiner [M. Am. Soe. C. E.] playing vd 
violin and with Ralph Modjeski [M. Am. Soc. at 
_ the piano, in an evening of music which is still vividly remembered not — 
only for its artistry but for the celebrity of the performers.” 0; 
Mr. Hovey’s eminence in the engineering profession and his high scholesly’ 2 
were recognized in Various official citations. As previously mentioned; 
he was elected an honorary member of Phi Beta Kappa at the 150th anniver- 
- sary of that organization in 1937. Ten years previous to that, he was sired ; 
the degree of Doctor ¢ of Engineering by his alma mater, Dartmouth College. am 
i 1933, he was honored with the degree of Doctor of Science by the Clarkson 
- College of Technology at Potsdam, N. Y. Finally, in 1937, he was elected to 


: 


Ne 


he 
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description of Dr. Hovey could be He said in part: soit bbs gh. 


_. “He is a man born to wealth—to a wealth of character as sturdy as his 
- native hills ; toa wealth of ancestry that with others made our early his- | 
- tory what it is; to wealth of family and local traditions honoring industry — } 
and honesty; to a wealth of appreciation of what is fine and beautiful in — 


= Engineering, January, 1988, p. 57,0 
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OF JOSEPH BARLOW LIPPINCOTT 


art and i in nature; and to a wealth of mental and ingenuity wor 


ge In his home life, Dr. Hovey found the peer and 
natural expression of his serene and loving chatacter. 
_ played in his life by his wife, Martha Owen Hovey, was the dedication of aia 
_ books on movable bridges which read: “To my wife, who inspired the beginning 


of its preparation. and whose encouragement has made its completion possible, 
_ this book is affectionately dedicated.” He is survived by his widow and their eo 


_ two aire, Ellen Hovey Davis and Otis Wadsworth Hovey, Assoc. M. Am. 


‘Dr. Hovey himeclf can hardly be ‘described more clearly than in his own 
{ ords expressing the ideals of an engineering career, for to those who knew 


he was the embodiment of his own. high standar 
_. “After having followed the profession of engineering for mo more than 
pe fifty years, one is tempted to look back and try to assess the satisfactions — 
Ph of such a career * * * . A successful engineer must possess and develop 
a high type of character. . He must be meticuluously honest with himself 
asia, aiid others. — He must be obedient to the laws of nature so far as he can — ie om 
grasp them. _ He must be logical, thorough, industrious, inventive, “-prac- 
tical, firm in well-grounded opinions, yet tolerant of the views of others — "ay 
and able to associate comfortably with them. At the same time, he must Rie 
_ see visions and dream dreams, and clearly visualize the embodiment of 
the dreams, whether in structures, machines, organizations, business ~ 
human relationships * * * . While the financial rewards may not be Bs 
large, the inner satisfactions are great. The engineer feels that he has 
m at least done a little to advance civilization and the enjoyment of life 


gx . Hovey was elected an Associate Member of the American Society of 


_ Civil Engineers. on April 4, 1894; a Member on J anuary ¢ 8, 1900; and an 


BARLOW, ‘LIPPINCOTT, M. Soe. C. 


Be at ~ Throughout the ‘southwestern United States, broad areas of ¢ green and fer 
tile lands reclaimed from desert waste stand as a memorial to Joseph Barlow 
Lippincott, a pioneer engineer in water supply and irrigation. 
‘and oseph Barlow Lippincott was born in Scranton, Pa., on October 10, 1864 i be 
_ the son of Joshua Allen and Harriet (Phillips) Lippincott. His paternal fore- 2 
bears: were of Quaker stock and first came to Connecticut | from England in 
(18. _ Mr. Lippincott attended Dickinson | College at Carlisle, Pa., from 1880 
to 1882, when the family moved to Kansas. He then entered the University. 


2Memoir prepared by Kenneth. Q Volk, M. Am. Soc. C. B., and Edgar Alan “Rowe, 
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“MEMOIR OF JOSEPH’ BARLOW LIPPINCOTT 
his father was professor of mathematics a: 
inl While attending the University of Kansas Mr. Lippincott had a severe case % 
a pneumonia and his health was impaired. To: recuperate he went to . Texas 3 
ig - and worked on a cattle ranch. He often stated that this outdoor work, , which - 
o consisted mainly of driving cattle over the famous hills from Texas north to 
the Santa Fe railroad, was the hardest i in his life but he regained his ‘strength 
and enjoyed perfect health for ‘the ‘remainder of his life, Returning to the 
on a University of Kansas he was graduated in 1887 with the ‘degree of Bachelor — 
Science in Civil Engineering. Later, in 1914, he was by t this in- 
Upon his graduation he worked as track engineer in Missouri for the Santa 
Fe Railway ‘System, and, in the spring of 1889, was promoted to the position . 
of division engineer, building fifteen miles. of line for the Missouri, Kansas 
i and Texas Railway Company. In the fall of the same year he became assist- 


Moving to the Southwest, from 1889 to 1892, Mr. Lippincott was s topographer- 


it, 


for the U. S. _ Geological Survey i in ‘charge of making topographic maps in New 


ee Mexico and California. . This - work did much to develop Mr. Lippincott’s 
af initiative and resourcefulness. 4 At that time this section of the United States 
was sparsely settled, and the engineers in “charge had not only to ‘assemble an 
organization but also to provide housing and transportation ( (which was 
largely by mules) and to practically the entire operation. This latter 
feature particularly. difficult because of the low wages paid and the long 
delays that sometimes occurred between the submission of expense accounts — 
a and the receipt of reimbursing funds. In 1893 he became assistant engineer 7 
for - the Bear Valley Irrigation Company, on the construction n of | an early i irri-_ 
4 gation ‘aia on the headwaters of the Santa Ana River in Southern Cali-. 


"During the time that Mr. Lippincott was with the U.S . Geological Survey 3 3 


a 


~ 


3 


‘ia was assigned to make a reconnaissance survey of several hundred thousand 


acres in the wild and unexplored territory in the Bitterroot Range of the Rocky — 
ountains on ‘the | crest of ‘the Continental Divide on the boundary between 


Idaho and Montana. There were no roads and few trails. After spending 


> 


e packed, ae to gaze over a cliff. The larger mules in the pack train 
_ crowded. up to enjoy the view and ‘pushed the small mule over the cliff. Mr. 

- Lippincott, with his heart in his mouth, , went down into the ravine expecting 

a to find an injured pack animal and all of his photographic efforts during the 

summer smashed, but he was delighted to find the little mule unhurt, 
aera), down, wedged between two small pine trees. After righting the ‘mule, he in- q 
spected the peck and to his found that none of thé plates & 
ae In 1895 Mr. Lippincott acce pted the p 
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Survey. At this time there ware: no stream-flow 
available in this area. He established many of the gaging stations on the oe 


i 
streams and secured local observers: who pay. He 


hich were in out-of- the-way places, selecting new ‘maintaining 1g those. 
installed, and collecting records with very meager funds. In an effort to se- 
cure private rainfall records within the state he wrote to all the postmasters ee Re 4 
2 asking them to put him in touch with local observers in order to make these Ree 
a data available to the public. The rainfall and stream-flow records obtained = . 
in n this early day were of great value in developing plans for the e future wa water . e : 
This early hydrographic work gave Mr. Lippincott an intimate knowledge 
of California which was of great value to him. Recognizing the ‘possibilities sees ye 
and the importance of the development of adequate water ‘supplies, he decided 
> to devote his career to water supply engineering, and at the time of his death ba a oe 
ig he was recognized as one of the outstanding engineers of the @ country. ial aww a 
4: In the fall of 189 7 and the s spring of 1898 Mr. Lippincott served as a amem- 
ber of the board of consulting engineers of the City of Los Angeles, Calif.,;in _ 
connection with litigation i in the San Fernando Valley over the pueblo rights a 
of the city. This was a very important case and had much to do with ive fu- 
ture growth of Los Angeles. The city maintained that it was a “pure” “¥ 
_ pueblo founded i in compliance with Spanish laws and customs, and, ‘therefore, a 


Bs tt the use of waters of the Los . Angeles River was vested in the city as suc 
- the ‘pueblo in 1850. In this case the State Supreme Court held that the | ‘se 
_ city had the right to the surface flow of the river or its underground flow at oS } 
point from its “source or sources to” the southern boundary of the city 
(for domestic and municipal uses) and that this right was not limited to the _ 


covered by the original pueblo but was wttached to ree additional ter- ie 


apher_ 
New 
cott’s 


zonal 


asa of the board on the appraisal of the for 
Los Angeles City Water Company, the acquisition of which was the “reo ee es 
ning of the present Bu Bureau of ‘Water Works and Supply for the City: of Los ‘ ae 
pa In the spring of 1899 Mr. Lippincott prepared an exhaustive report for oe a Be 
the: Geological Survey on the ‘water supply, 
 irrigable areas on the Gila River in southwestern Arizona. “After: thie assign- 
ment he made a comprehensive study of the development of the surface waters aes 
of the upper Santa Ana River and the San Bernardino artesian basin. » The a 
q results of both of these studies were published i in the Water Supply Papers of te te c 
the U.S.Geological Survey, a 
With the organization of the U. Ss. ‘Reclamation Service in 1902 he became 
one of the g: group of hydraulic e engineers who aided in ‘making its’ early projects aS 
At this time there were few hydrologic records available and 
pioneering was necessary. Mr. Lippincott became supervising engineer 
Of all Reclamation Service activities in the Pacifie Coast region extending Cie ee — 
the Klamath River in Oregon to lower Colorado River in Arizona 
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_ forcibly to the attention of the water commissioners in July of 1904 when, for — 
day period, the daily consumption exceeded the inflow into the city’s 
reservoirs by nearly four million gallons. In 1905, Mr. Lippincott. was ap- 
pointed with O. K. Parker, M. Am. Soc. C. E., and the late William Mul- @ 
holland? M. Am. Soc. C. E., to a board of engineers which was to make rec- 
ommendations in regard to the expansion of the water supply, investigating 5 
ry <2 seven sources. The decision was that the Owens River was the nearest = 


Py quate supply and to augment the city’ 8 needs temporarily at post 


sistant chief ‘of the Owens River Aqueduct. At the time this project 


was initiated, the City of Los Angeles had a population of | 240,000. The 


ae planning and construction of an aqueduct, 250 miles in length, to deliver a 5 
‘mountain supply fr from the Sierra evadas to th to the city was a tremendous under- 


z 


One of the first municipal. projects of magnitude t to be. built by day Inbor 
a ree under the supervision of its engineerin staff, this was a monumental under- __ 
under pe ng g i 
ae _ taking for such a small city. Mr. Lippincott had much to do with the final 2 
; ae location of the aqueduct, was in charge of the preparation of the the detail plar 
as a 4 and estimates of cost, and initiated and established a new ‘system of construc- 
tion cost keeping together with the bonus system which developed keen rivalry a 
between different divisions and aided in breaking world’s ‘records for 
the beginning it was recognized that all the ‘work could be com- 


particularly the Elizabeth Lake. Tunnel cores: five miles in 
& length. The theory of the bonus system was to pay the tunnel men a fair 
a <i daily wage and in addition share with them approximately 50% of the esti- 
mated savings in case the base footage of progress was exceeded. This shar- — 


= ing of the benefits with the men resulted in improved pelétions with them : the 
“4 ee | crews themselves eliminated drones and did not tolerate loafing. Thus, the — 


foremen’ and ‘superintendents’ duties were > confined largely to obtaining nec- a 
essary. supplies and equipment. The higher | wages earned by the men under 
bonus system also reduced the of labor turnover and attracted the 
est tunnel men in the country. or ens car dy 
It was estimated before work. started | that the cost would not exceed $23,- 
— 000,000 and that the. aqueduct could be completed within five years. Con: ‘ 
_ struetion work began in 1908, and water was delivered to the city through the — 4 


*For wee Transactions, Soc. Vol. 101, p. 1604. 
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“MEMOIR oF JOSEPH ‘BARLOW. 

in within. the: an time limit originally thereby 

establishing an amazing record for efficiency and economy. aD 
Lippincott was instrumental in the ‘construction by ‘the. city of a 
-eement plant at Monolith, Calif., located approximately halfway from the _ 
~ ends of the aqueduct, which eliminated high freight charges for transportation iy 
P. teasin-eaiiating cement mills. In the western end of the Antelope Valley and 

at Haiwee near the location . of the aqueduct there occurred natural deposits 
_ of soft volcanic ash called “Tufa.” To reduce the length of cement haul from x 
railroad by long line teams recommended the construction of of grinding 

: mills for blending this natural cement up to 50% with portland cement. This - 

& lowered the cost of cement used on the aqueduct. However, the 


blended cement required more care in handling because it was slower to harden ee 
The distinctive feature of this blended cement was its continued growth in 
- strength with age. The J. James R. Oroes Medal of the American Society 
', of Civil Engineers was awarded to Mr. Lippincott for. his paper entitled *Tufa a 
Cement as Manufactured and Used on the Los Angeles Aquedict.”* « 
Upon the completion of the aqueduct in 1913, Mr. Lippincott entered pri: 
vate practice at Los Angeles, specializing in water supply for irrigation an 
municipal 1 uses under the firm name of “Engineering Offices of J. B. Lippin 


_ at ” in which company he was active until the time of his death. ls Dorin 


a 
water works ¢ construction for -many of the ‘western cities including Los \Angeles, 
4 San Francisco, Oakland, Alameda, Berkeley, Santa Barbara, San Diego, Long =f 
3 Beach, Riverside, San Luis Obispo, ‘Ventura, Orange, Santa Ana, Whittier, 


Avalon, at and F in Oalifornia ; Denver, Colo.; El Paso, Tex. ; Phoenix, 


; tricts throughout the west including San Fernando Valley Irrigation District; & 
Santa F e Irrigation District, Vista Irrigation District, Lindsay Strathmore 


Lippincott made several trips to ‘the Hawaiian Islands sab he was s 
by the | Oahu Sugar Company: in ‘connection with the: Waiahole 
em supply and the construction of the Nuuanu reservoir. He also served — ij 
_ as consultant on the Wahiawa ‘Water Company’s spillway project and later * 
was employed by the City of Honolulu in connection ‘with its domestic 
a His work also included investigations and a report on the diversion of a 
large water sup yply from one watershed to another near F airbanks, Alaska, deb 
a large hydraulic mining operation. For many years he was consulting en- 
-gineer for the Automobile Club of Southern California and aided in the de-— 
¥elopment and improvements of the early highway system of the. State. of 
California. Also, in this connection, he wrote reports on traffic relief and 
ek or for the street — of the City of Los Angeles. — 


neering offices offered his services to Sp army. he was beyond the age 
qi limit for active service, he aided in the war effort by organizing the W ‘illiam = 


Here he again demonstrated his administrative. abil- 

Transactions, Am. Soc. C. B., Vol. LXXVI (1918), p. 520,000 
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Fort Rosecrans | jin California. Upon the completion of this 
a ambitious ‘to do. something further to aid in the war effort, he joined the © 
ae staff of the U. S. Housing Corporation acting as supervisor on large housing 
projects at Pittsburgh, Pa., , and Bethlehem, Pa., until their abandonment at q 
a the end of the war. He then returned to private practice in Los Angeles. ve a 
ae _ With the outbreak of World War II, Mr. Lippincott’s offices again became __ 
engaged construction projects in association with Oliver G. Bowen, 
oc. C. BE. This firm acted as “Architect-Engineer” in drawing up 
the supervising the construction of Anti-Aircraft Firing Center at 
Camp Haan, California, the Mojave Desert Firing Range, California, the be 
_ Basie Air Corps Training Center at Salt Lake City, Utah, and improvements to __ 
ap March Field, California. The plans and layout for the Marysville (Calif.) — 

? Bria cantonment, the design of the Modification Center at Daggett, Calif., for the 
_ Douglas Aircraft Corporation, and the plans for a navy shipyard for the Pol- é 
lock-Stockton Shipbuilding Company at Stockton, Calif., also were prepared 
= by this firm. Mr. Lippincott participated actively in this work, and it was 
ee making a tour of inspection of of cantonment work at + Camp Haan that he 

passed away suddenly on November 4, 1942. 
_ Mr. Lippincott served on many boards of consulting engineers for the ; 


federal government, the State of California, and various ‘municipalities. He 
ae was a member of a board of e engineers on the preparation of the original flood | 


- control plans for Los Angeles County in 1915 and later, for a time, was con- — 
sultant during the construction of 1 this project. His office also prepared plans 
St for flood control and water conservation for Santa Barbara County and Orange 3 

ms, 4 County, California. As a member of the consulting board of the State of 
a. California, he aided in the development of a state- -wide water plan. At the © 


7A oe time of his death he was s consulting engineer for the International Boundary © 
: Commission between the United States and Mexico, as well as consulting en- | 
Y Ss _gineer for the U. 8. Engineer Office, Los Angeles District, on the design and * 


ee construction | of numerous large flood con ntrol dams and appurtenant works. 


‘4 fornia, not only for the owners but alo for contractors. — He enjoyed the re- a 
spect of the contracting profession, particularly for his thoroughness, honesty, 
_ Exceedingly interested in  palilie affairs, Mr. Lippincott gave generously of 3 


his time to the nation, his state, his city. ih | addition to his ‘services on 4 


A was a park commissioner of the City of Los Angeles and had 1 ante to do with. i 
the development of the ‘system of that One of the Los 
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of which he was most proud; was the municipal golf co rse at Griffith 
one of the first public courses | developed i in the United States. He was active — 
in the development and opening up of ‘recreational areas in the Forest Re 
--gerves surrounding Los Angeles, making numerous surveys ‘at his own expense 


~ for the benefit of the public. i From 1918 to 1920 he was civil service commi 


the adoption of policies for the development of the City of Los’ Angeles. » y 


j 


(sioner of the City of Los Angeles, a nd, from’ 1924. until his death, he , was a 
member of the water and power resources committee of the Los Angeles Cham- _ 
of Commerce. This committee has given much time and | effort to aid in 


‘papers for the Society’s rameactions and discussed those of others, While 
Sith the U. S. Geological Survey, he wrote several W ater Supply. Papers in- 
dluding “Sterage of Flood Wetare on the Gila River, Arison! 
of the San Bernardino Valley, "Califarnia,”. “Qalifornia Hydrography. 
Py He also contributed many articles to various technical publications, = 
‘Ful My. Lippincott took an active interest in the affairs of the Society and was 
.. willing at any time to advance its interests. By 1914 the City of Los Angeles — 
had started its rapid growth, and numerous engineers were attracted to: this 
region. Lippincott felt that the Society should have formal ‘Tepresenta-— 
‘tion i in the Southwest and, in order to discuss this idea, gave a dinner at e es 
his home to the members of the Society. residing i in this area. This meeting 
: resulted in the formation of the Los Angeles Section, of which he was the — 
first president . He participated actively in the meetings of, the Local Section, 
and his talks not only covered his engineering subjects thoroughly , but also— 


pointed by the Society, a as airman the Committee on a National 
- Reclamation Policy, 1927-1931; member of the Executive Committee of the 


ret 


rrigatic mn n Division, 1928-1931 (chairman i in 1909) ; ‘member of the Committee _ 


‘on Meteorological Data, 1931-1936 ; member of the Power Division’s Com 
mittee on Silting, 1927-1934; and member ‘of. the Committee on Dams, 


Some of Mr. 8 outstanding’ traits of character, which in 

| measure contributed to his success, were a sense of humor, a gracious smile, 
an ease of manner which enabled any one to ‘approach him, an ability as a 

© ‘pdminlstrator, a ‘desire to help others, a an energetic devotion to the immediate id 
task at hand, and a sense of responsibility. An applicant for a position in his Z 
4 organization was alwa ays § sure of a kind and considerate reception. ‘Tf he had - 


work available, he endeavored to ‘the best t of his ability 


Lippincott had a host of friends engineers, but also business- 

men, industrialists, civic leaders, | and | working 1 men. Known affectionately as 

3.3, * he always had time for a | pleasant word and was particularly helpful 

_ any friend was in trouble and in need of assistance A very observant ast 
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1550 OF OF JOSEPH BARLOW LIPPINCOTT 


ae times to address aire for. the discussion of public affairs and proposed 3 
civic improvements. To his associates and employees he was more of a father 
than an employer, always ready with advice and material assistance when 
needed. He loved hunting and fishing and other. out-of-door sports. " In his 


later he particularly enjoyed his weekly golf games with his friends. 
a In October, 1929, at the time of the World’s Engineering Congress at 


4 


‘Tokyo, Japan, he visited the Sie spending three months traveling through- 
ee out J apan and China. He also traveled extensively through Mexico and ae 
trips to Europe, Cuba, the West Indies, and Alaska. In addition to technical 
3 subjects, he loved good literature, being particularly interested in history 
His particular hobby, however, was ranching. At the time of his death he 
& as ry was the owner of four citrus groves in the San Fe ernando Valley in California. 
5, In 1913 he planted out his first orange grove in the valley and entered into the * 
_ study and practice of citriculture with all the thoroughness and energy thet 
‘marked his engineering activities. He won the admiration and respect of 


his neighboring farmers whose livelihood depended 1 upon their groves ‘and acted 
ey. Director of the Fruit Exchange in the area where his ranches were Woltéaa 


loved to “spend his weekends on his ranches. usb beet 
Mr. Lippincott. was particularly fortunate when he was in 1890 to 


| osephine P. Cook of Kansas City, Mo. enjoyed traveling. all over the 


West with him, frequently living in ‘out- of-the- way places and i in 1 tent camps. 


Mr. Lippincott often told of their first child’s crib—a soap box suspended from 
tent pole. Mount J Fosephine i in ‘the San Gabriel Forest Reserve was: named 
for Mrs. Lippincott i in “recognition of her services in p preparing ‘mathematical 
_ tables for the U. S. Geological ‘Survey. _ They had two children, a daughter, ) 
- Rose, who passed away in 1919, and a son, Jc oseph Reading Lippincott, a Tiev- 
tenant in the U. 8. Naval who on. duty with the Navy in the 
Philippines at the time of their invasion by the Japanese in 1941, No definite $ 
4 word of their son’s fate h has been received since that date, and, undoubtedly, _ = 
anxiety over Lieutenant Lippincott’s welfare hastened Mr. Lippincott’ death. 
ae He passed ‘away 0 on | November 4, 1942, at Arlington, ‘Calif., at the age of 78. 


He was a a member of Beta Theta Pi and Tau Beta Pi fraternities, the Los & 


. 


eid Lippincott was elected a Member of the American Society of Civil 


December 6, 1899, and an Honorary Member on October 11, 1936. 
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“Frederic “Abels: ‘Miner pare ‘Skytal, Bohemia (then on 


19, 1882, the son a of Edward Abels Allner and Rosa (Kohn) Al Allner. 


was in scope ; Mr, _Allner numbered friends 
acquaintances many European engineers, as. well, ai the notables of his profes- 
gion in the United States and Canada. Apart, from engineering and its re- 


lated activities, h his interests and his services w were many. . Hes served b his. ee 


1905, Mr. Allner received the degree of Mechanical 


Technical College cat Prague (then Austria)... Later (1914), he: received 
from: the : same school the degree of Doctor of Technical Science (Electrical _ 
Engineering). He pursued » postgraduate courses at the Polytechnic College 
n ‘Zirich, Switzerland, and at the Technical College in Karlsruhe, 
Germany. His, formal education | was not confined to an engineering eurricu- 


“often, drew and to which he continued to » add... He never aaa the Greek and 4 
Latin he learned in his early years. Besides his native German, he spoke 


a short interval of odd jobs at drafting in New York, N. 
found a position in the shops of the Montreal (Quebec, Canada). Locomotive 
W orks. For six months in 1909 he was employed by the Shawinigan Water 
and Power Company i in the Province of Quebec. Here he entered the field o of 
hydroelectric engineering, and his abilities were soon recognized. == = 
3 In November, 1909, with several associates from the Shawinigan Company, 
went to Lancaster. County, Pennsylvania, where a hydroelectric 
— called y= Susquehanna ‘River was nearing completion. 
1s in 1910, and Mr. ; 


FREDERICK ABELS ALLNER, M. Am) Ess 
d not 
tings 
— 
in his 18s, accomplishments as an engineer and nis parucipation in the work of 
yarious national engineering societies over a long period earned for him recog 
‘ough-— 
to'the 
ocated. 
1890 to 
camps 4 lish vocabulary was exceptionally large, and he used. it readily and skilfully. 
d from Mr, Allner began his engineering career with brief periods of employment “a 
named} on design and testing of electrical and mechanical power equipment in 
and Karlsruhe. At the end of 1907 he came to the United States. 
. hoped to secure a position with the Westinghouse Electric and Manufacturing BAe oe 
— 
death. 
0 
the Los 
‘4 ie 
superintendent, and vice-president (1933 to 1940). He becaz ; 
2 Memoir prepared by Edward 8. Loane, Assoc, M. Am. Soc. C. — 


atom OF FREDERICK ABELS ALLNER 


1930, and was elected president of this company in 1940, 
Mr Allner’s a association with | the power d developments. on the the ‘Susquehanna 
River covered a continuous period of more than thirty-two ‘years. this 
eS. - time he had either direct or general supervision over the design, construction, & 
= operation of the hydroelectric Plant : at Holtwood, completed with a capacity + 
hp in 1924; a 30,000 hp steam plant at the same location, completed 
ale i in 1995: ‘the Safe Harbor project, started in 1930 and now (1942) having a 
pre capacity of more than 300,000 hp; and an orderly development of the trans- a 
mission sy ystem reaching to Baltimore, Md., Washington, D. C., the Pennsyl- 
_ vania Railroad at several points, and to York, Lancaster, and Coatesville in 
Pennsylvania. y Mr. Allner contributed much to the economic utilization of 
hs! various projects thro ugh his negotiation of power contracts with other 
utilities and through his early recognition of the complementary nature of 
ea steam and hydroelectric power supplies and the benefits to be had from their 
ie _ - The coordination of steam and hydroelectric supplies -marked a major ad- 
x vance in economic design and operation of electric systems. _ Mr. -Allner wa 
one of the first . engineers, or perhaps « even the first, to’ understand clearly the 
"(principles involved in such coordinate operation, to apply these principles to 


a major utility ba and to explain them adequately in the engineering 3 


‘In the design of the Holtwood and Safe Harbor projects, 


many ¢ other pioneer technical features and ‘methods: have been utilized and 


| 


fostered a spirit of investigation among the engineers of his 
and he was a willing and helpfully critical listener to new ideas advanced by 


“ag In addition to his other direct contributions to the success of the Susque- _ 


hanna River developments, Mr. Allner had great responsibility in the careful 
selection and training of engineering or operating personnel. It was charac 
teristic of him, through tact and to being out the abilities the 4 


Allner devoted himself unstintingly to the affairs of the local and na 


Pe neers Club of Baltimore were remarkable and far-reaching. He served two. 


Ba: a years (1930 to 1932) as president. In the depression of the 1930’s, it was a 


period | but also to expand its facilities and activities. The Club conferred 
upon. him honorary life membership—an honor shared only with Herbert 
as Hoover, Hon. M. Am. Soe. C. E., and the late John F. Stevens, Past-President 4 = 
ao and Hon. M. Am. Saag) C. E. He was an active member of other local pro- 


@ 


largely his leadership which enabled the Club not only. to w weather a 


=. 
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ALLTON: 


arecy and Mechanical. He was a past- -president of the Maryland sections, of 
“both the Society a1 nd the American Society of Mechanical Engineers. He was 
a member of the Newcomen Society of England, Engineers Phils 
_delphia, Pa., and Pennsylvania Electric Association. 


In 1941, dusing hi his term as president of the Maryland Section of Bo 


gave ve the | careful: and attention, enthusiasm 
assured su success for bis: undertakings. his persuasiveness and subtle 


ull civic affairs he displayed characteristic Hecate) even where his interests 
were greatest, he tended to keep himself in the background. . ie was the civil 


“~ oke . Advisory an and Appeal Board of Baltimore, the State Aviation Comm 4 

sion, and the Baltimore Association of Commerce; and a member of 
commissions and committees engaged i in n civilian 

as a member of the Baltimore Safety Council and as the American Engineering 

| representative on the National Resources Committee. 


as he was with. professional activities, he never was limited by 


intercourse. Chess and color photography were favorite: He 
of the Baltimore Country Club, Maryland Club, and University lub 


On June 28, 1914, ‘he was’ ‘married to Adele B. Brock. He is survived by 
and a son, Frederick Abels Allner, Jr. 


Mr. ‘Allner was elected an Associate Member of the American Society: of 


Civil Engineers on December 2, 1914, and a Member on December 9, 1940. 
RO ERT ADAMS ‘ALLTON, M. Am. Soc. C. E.' 
an 


4 


Robert Adams Allton was born in Nashua, N. H, on 
son of Norris J. and Della (Haywood) His early edueation was 


tained in the public schools of Nashua, and he continued his stadies at ad 
_ Massachusetts Institute of Technology (M. if. ) i in n Boston, Mass., from which 


Memoir prepared by James H. Blodgett, Assoc. M. Am, Soe. 
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4 A: engineer in the New York State Department of Health. Here he re- 
ceived his first practical experience in sanitary engineering by inspecting and = 
reporting on municipal water supplies, s: sanitary conditions at summer resorts, 
- and other matters pertaining to the protection of public health. Lolita 
ee A year later, in J une, 1914, he was employed by Langdon Pearse and — a 
A. ‘Greeley, Members, Am. Soe. ©. E., sanitary engineers of 
IIL, first as assistant engineer and | reason of his ability, as 4 
principal assistant engineer. His talents as an outstanding engineer. began to 
manifest themselves in his work on the - many and sundry problems in design, : ti 
_ eonstruction, and operation of water supply, sewerage systems, and sewage 4 
treatment and refuse disposal projects (which were handled by th the firm of — 
g 4 Be 4 During his period of employment with this firm, Mr. Allton served i in the. : 
armed forces of the United States. He had previously enlisted in the Illinois — 


~ 


= Ne ational Guard, and was called for service on the Mexican border from J a g 


November, 1916, his capacity in this connection being Sergeant of Battery 


He returnec 
4 


the Villa episode and his Mexican border experience, but was again called to 


s Company, 331st 331st Field id Artillery, at Fort Sill, 
» dik Being of an impatient nature and wishing to take a more intimate and 
aggressive part in the conflict, Captain Allton applied for more active ser- a 
hoping to go overseas with those who were th then being sent. . However, 


: te this was not to be, for his knowledge of the science e of engineering and his j 
i a ea E ability to impart this knowledge to others marked him as too valuable a man 


Z for combat duty. He was ‘commissioned a Major and made assistant director,” 


Department of Gunnery, School of Fi ire, at Fort Sill. i As he often afterward 
said, rather dejectedly, “There’s where I fought the war.” 
Oh ts Mr. J Allton returned to the firm of Pearse and Greeley, after his discharge 
7 early in 1919, and continued with it until December of the same year. In 
+ J anuary, 1920, he was engaged as assistant to the president of Frank D. Chase, — 
Tne, Industrial Engineers, Chicago. With this firm he broadened 
engineering ‘experience through | the design 


a structures, and reports on such special problems, as are to be found in the | ; 


of industrial engineering. September, 1921, while engaged in 
this | last connection, he was seriously injured in an automobile accident and 

aie Early i in 1993 Mr. Allton was engaged by the City of Akron, Ohio, to de- 


tropolis. With his: usual acumen and boundless energy he made note- 


ea sign a sewage treatment plant suitable to the needs of that fast-growing 1g me- ‘. 4 : 
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unique but practical devices therein, such as ‘detritus tanks for — 
and grit removal and a new vitrified clay pier r and grill block type « of collector 
= His work at Akron attracted « considerable | attention in engineering circles, fe. 
and in January, 1928, he was sought and employed by the City of Columbus, — : 
4 Ohio, to head an organization then being formed to design and construct a 
treatment Plant for that city. 1 He worked with the late J ohn 
i. Simpeon, 8 M. ren Soc, E., chief engineer for the city. 
Mr. Allton, as sewage treatment engineer, worked out the basic 
_ general plan for solving a major problem of pollution of the Scioto River 
wt which flows 3 through the City of Columbus. Asa part of this plan he recom- 


mended, and built, as an adjunct to the sewerage system, the first 


siderable amount of political bickering and anothioa practices by mercenary, a oY 
non- engineer “specialists” in sewage . treatment, the recommendations of Mr. Kars 
Allton and his staff were accepted, and a $4,000,000 activated sludge oy ae 


which he conceived, was constructed. remains 


Mon 
| genius in the field of sanitary erigineeting. 


Be. His record of accomplishments as a sanitary engineer had by this time ike 
* gained him national prominence, and he was sought af after by various engineers» _- 
and firms for advice and assistance in their problems. However, | “Bob,” | s a 


“ he was affectionately known by his many friends and associates, preferred to 


"stand by his first love, the business of sewage treatment. In 1988 he was 


a Pointed consultant to the City of Columbus and d was placed in charge of op- 


ation, of the plant he had designed and built, DOME 


4 aad on He acted in this capacity ; until May, 1941, when he was forced, because of 
impaired health, to retire in an attempt to improve his condition. As 
ofp. had always been very active, bo both th mentally and physically, he stated that his are 


forced retirement was the hardest work he had e ever done. ‘ “Bob” died 
quite s suddenly at Hudson, Ohio, where he had settled down to try and find the 

| solution to the ‘toughest he > had of. regaining 

No tribute wo would be more acceptable t to “Bob” Allton than to ‘state that 


owas a gentleman, that he was always good company, and that he honored his iat pee 


| 22 by the conscientious application of his keen perceptions and knowl- a ee 


edge of engineering to to the problems | which he encountered. — 4 He was a man oo 
who respected all men and in turn received their respect and loyalty. a" Sth a 
cs % dats Mr. Allton was awarded the Rudolph Hering Medal by the Society (with 
laborated him) for a paper entitled | “Intercepting Sewers § Storm 


34° acts 


*For memoir, see Transactions, Am. Soc. C. E., Vol. 102 (1937), p. 1552. 
p memoir, Vol. 99 (1984), p. 1507. 


Messrs. Gregory and ‘Simpson, and oO. Romney, M. Am. Soe. » who col- 
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fessional Engineers, Engineers Club of Columbus, Optimist Club, and M. I. = 


: Ren _ _In 1924 he was married to Hilda Marie J oyce of Hudson, ' who survives him. x 
Mr. Allton was elected an Associate Member of the American Society of 
Civil Engineers on April 19, 1920, and a Member on 18, 1929. ot 
THOMAS CLARK ATWOOD, M. Am. Soc. C. E.! 


‘Thomas: Clark Atwood was born in Provincetown, Mass., on December 5, 2 


1874, the son of John W. and Abbie (Clark) Atwood. 
‘Mr. Atwood’s early education was obtained in the public schools of Malden, 


He attended Massachusetts Anstitute of Technology at ‘Cambridge and 


nee 


4 


ay 


From August, 1900, to September, 1901, Mr. was employed as in- 
-_epestor by the he Boston I District Engineer Office of the U. 8. Army Engineer 
con Corps, in charge of the removal of ledges from the main ship channel of Boston 
ae harbor. In September, 1901, he became assistant engineer, Bureau of Filtra- 


a tion, ‘Philadelphia, Pa., on design of filter plants, pumping stations, pipe lines, 


‘ete, and on the construction of the Torresdale Filtration Plant. This work — 

was completed in 1904 . From May, 1904, to J January, 1907, Mt. Atwood acted 
= as division engineer, Pittsburgh (Pa.) Bureau of Filtration. In this capacity, 

ep. 2 he was engaged on the design of the filter plant and supervised the design and — 

eonstruction of a filtered- water reservoir, river crossing, to Bril- 
liant Pumping Station, and the installation of station equipment. 
= 3 ees. In January, 1907, he became assistant designing engineer for the Board of ; 


re. on filtration plants. and of the ‘design: of the fourteen | steel pipe siphons of the 
re Catskill Aqueduct. In December, 1909, he became division engineer in charge 
a of (1) preparatory field work on the extension of the ‘Catskill . Aqu educt within - 
ke City limits and (2) the beginning of ‘construction of the city | 


a _— - In July, 1911, Mr. Atwood was placed in charge of part of the design 


a _ Water Supply, New York, N. Y. In that position he was in charge of studies hg 


ed 
4. 
a 
th 
— th 
in 
of 
in 
_His first work after graduation was as rodman and instrumentman for the § OC. 
eae a _ Metropolitan Water Board in Boston, Mass., from 1897 to 1900, with time out 0 
“ge —/ aa from June to September, 1898, for service in the U. S. Navy as Gunner’s Mate, a tu 
Second Class, on the U. 8. S. Inca, during the Spanish-American War. His § 0 
bu 
St 
— 
ef 


2 


of J erome Park Filter Plant as division engineer for the New ork City De- 


partment of Water Supply, Gas, and Electricity. 


In 1914 Mr. Atwood was employed by Yale University, New Haven, Conn. et 3 


4 a8 construction manager of the “Yale Bowl.” He then became a consultant = 


on various projects and, in this capacity, was was supervising engineer for the Bins 
Yale Committee of Twenty-One, Inc. His association with Yale University 
became the foundation for his later splendid work in connection with many , 


 -In 1918, Mr. Atwood became sv supervising engineer for the U. S. Navy at the ee See: 
_ U.S. Destroyer Plant in Atlantic, Mass. After World War I, he became dis- a M ns 
4 trict plant engineer for the U. S. . S. Shipping Board, Emergency Fleet Corpora- — oe. , 


for the production. of silk stockings instead of the cotton ones of pre-war 

the Durham Hosiery Mills in Durham, N. C. (a chain of fourteen mills and 
_ that time the largest manufacturer of cotton hosiery in the world) began an ep ‘ 
extensive building program, and Mr. Atwood became chief engineer 


in charge of construction. When this» work 1 was suspended during the panic 
of 1921, Mr. Atwood formed “The T. C. Atwood Organization,” which was — 
_ immediately entrusted with a new $5,000,000 permanent improvement program a 
for the University o of North Carolina, : at Chapel Hill. ih Anant 1923, om: 


me out. 4 
Mate, q 2 tural and engineering work 
“His 
1930, Mr. Atwood reformed the organization under the name of Atwood and 
4 Ine,, » with H. Raymond Weeks in charge of architectural work. ‘The 
as in- : building program of the University of North Carolina continued to be the 
ugineer — f° chief concern of the organization, and at the time of Mr. _Atwood’s death it — 
Boston g y engaged i in considerable work for the Naval Pre-Flight Training ; Program a ‘ 
Filtra- “8 at that institution. The firm also designed several other projects in North pec 
e lines, among which were the Court 
is work gs for the 
dacted | State Hospital at Goldsboro; a large 1 
pacity, and central part of the state; and new buildings for Peace Junior Col- 


(Raleigh), Louisburg College (Louisburg), and Buies Oreek Academy 


During 1932-1933, Mr. Atwood was engineering examiner 
studies a particular “personal interest to Mr. Atwood was the firm’s work on such 
s of the a - stadiums as the Kenan Stadium at the University of North Carolina and the We a 
charge football stadiums at the University of Alabama at University and the Univer- 
within 4 of Georgia at Athens. Also he was consultant on the. Duke University 
he city Stadium at Durham. ody dite doom, dour 4 
design _A paralytic stroke, from which he later fully recovered, forced ‘Mr. Atwood 
retire from active work in 1939, but, in 1941 as his contribution to the war 
effort he was able to take active charge of the enlargement of 
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Malden. Two sons were born to them, Theodore W., on | October 13, 1907 


ollowing his education in the public schools of Buffalo and the University 


was apparently in good health, a quite unexpected | attack of lesiesinia caused is 


‘ me Mr. Atwood belonged to the Fi iret Presbyterian Church and 1 was a member 
__- Unselfish in his devotion to his profession, he gave fully of his time to com- a ‘ 
“ome mittee work for the various organizations with which he was actively associated. 
ies “i _ Among his professional affiliations were the New England Water Works 
the Boston Society of Civil Engineers, Connecticut Society. of 
Civil. Engineers, the Municipal Engineers of New York, the American Asso- 

 Ciation of Engineers, and the North Carolina Society of Engineers. He was 


made an ‘Honorary Member of the North Carolina Society. of Engineers in 


Atwood was married to Grace M. Winslow on J anuary 1, 1901, 


‘Robert Olark, on June 5, 1912. Mrs. Atwood and his sons survive him. Bt 

ae. Mr. Atwood was elected an Associate Member of the American Society of a 

Givil Engineers on April 8, 1907, and a 31, 1911. He be 
Life Member i in J anuary, 1 


_ George Ellsworth Barrows was born in Buffalo, N. Y., on July 19, 1879, 


the son of William AL Barrows and Mary (Ellsworth) Barrows. wide’ 


a of Buffalo, he began his engineering career with the group who were designing | a 
a 2 and constructing the Pan American Exposition. He always looked back upon — 
this period asa happy introduction to his life’s work, for he was as working under % 
= the inspiring leadership of Newcomb Carlton, who later became president of 
the Western Union Telegraph | Company. - This was at the turn of the century, 
and he remained with the Exposition until the fall of 1901. 
es: During the next ten years, Mr. Barrows had various assignments in the 
field of railroad engineering, both in the location and construction of lines. :.: 
i It was the period when the railroad network | was s still being extended, and the 4 
wed old lines were being redesigned to serve the waatly expanded commerce of the 
Tita States. From January to August, 1905, he was employed as division | 3 
ee: er Nl engineer in charge of location and preparation 1 of estimates for the New York, a 
Pennsylvania and Southwestern ‘Railroad Company. Upon the termination 
of this work he went w with ‘the Delaware, Lackawanna | and Western Railroad 4 = 
Company a: as : assistant er engineer. During this time, the Lackawanna’s 8 lines into ot 


nes Memoir prepared by Norman M. _Herthe, Edward P. Lupfer, and Charles J. area 
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been established by two uncles of Mr: Barrows, the late Alfred B. Ellsworth, 2 ) 
Jd un. Am. Soe. 0. E., and J ohn F. Ellsworth, who were engaged i ina general 
-saginetring practice. _ Here he engaged in a considerable consulting practice 


there was a growing need competent engineers in this of the 


Z a profession, and from that time on he devoted the major part of his time toi it. 


equipment of all the industrial properties, in the City of Buffalo for the De- cae 


partment of Fi ‘inance and Accounts. During the next twenty- -five years, Mr. 


Barrows was engaged in a large number of valuation | projects for « counties 
. as and cities throughout New York State in connection with public utility ar 
and industrial properties, as well as for utilities and other corporations that — 
* were setting up their own ‘ctigittal accounts. Until his death, he gave thoughtful A 

4 and constructive attention to the problems of valuation, including not only the 

Thi be aspect, but : also the more intricate subject of | economic depreciation. 


‘This brief recital covers only the bare some of the activities which 


a suds of mankind is man, and this study Mr. ‘Barrows prosecuted always with 
keen delight. As he possessed with that rare quality of entering sympa- > 
thetically into the problems and difficulties of others, ‘the was” always being 
sought for counsel, and his circle of friends and acquaintances became unusu- 
ally extensive. In his reflections on religion in ‘the engineering profession, 
Arthur E. Morgan, ‘M. Am. Soc. ©. E., has called marked attention to the 
‘narrowing tendencies of modern engineering education, which has been 80 con- 
At med with stresses and strains in materials that it has not had time to take a 
philosophical view of those other stresses in the social fabric. ‘The engineer 
has been 80 engrossed with his: own studies of all professional men, 


under 
dent of 


k upon 


in the 4 - not to leave the other undone. ee ‘Happily there are signs ns that this is ‘changing; 


. but this restricted outlook never characterized George Barrows, for always he 
and the § was interested i in . people, e especially young people ; and their advancement. — With 
; of the | material means and with advice and ‘counsel, he aided the work of the . Young: 
- Men’s Christian Association, of 1 which he was a director in Buffalo until his 
re death. He had been a Trustee of Westminster Church, in Buffalo, ‘and in 
\ination — i many 1 ways promoted the work of this spiritual center of his native city. The 
tailroad number of young engineers to whom he gave a start or a lift would make an 
nes into impressive showing. All the men who later became his partners owe him a 


For memoir, see Proceedings, Am. Soc. C. B., Vol. XIX, 18938, p. 48. , 


gh he B ision of this undertaking. — 
d his inconsiderable part in the th he; to become 
— 1910 he resigned as assistant engineer wi io hed 
tnd Civil Enoinésre of Ruffalo This firm _ 
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. MEMOIR OF “GEORGE ‘HENRY BLAKELEY 
debt of gratitude for beginning their engineering careers under his ineplving if 

i as Mr. Barrows was a lover of art, not only as a collector of fine paintings, al Bk: 


q es fin as a creator. _ With palette and brush he found expression for his delight in the = 


Be - On June 15, 1907, he was married to Frances Pollard, who survives him, oe 
surviving is a a daughter, Alice Barrows Francisco. 
= fae Mr. Barrows was elected an Associate Member of the American Society of — a 
Gini Engineers on May 2, 1911, and a Member on October 9, 1917. — noni 
HENRY BLAKELEY, M. Am. Soe. 


a \ Henry Blakeley, the son of Joseph H. and Mary Ann (Gibson) — 

alg 


a Blakeley, was born at Hanover, N. J., on April 19, 1865. ‘He acquired a tech: q 
nical education at Rutgers New Brunswick, N. J., being graduated 4 
hats, from the Scientific Department in 1884, Ten years later, this university con- 
ferred upon him the honorary degree of Civil Engineer, and, in 1924, further 
honored him with the degree of Doctor of Science. te 
“ws _ After three years of general engineering practice, in 1887, he started on the _ 
= that v 8 to lead to a high in the steel construction industry, by 


Works in Paterson, N.J. In this prepared the working drawings 

for a number of railroad bridges and buildings. vod” 
ii In 1888 Mr. Blakeley entered the employ of the Erie Railroad Taoaes as 
= assistant engineer of bridges. In 1889 he became assistant engineer of the 
5 Passaic Rolling Mill Company at Paterson, and, less than a year later, ‘wes : 


appointed chief engineer of that organization. During the seventeen years 3 
oe 2 that Mr. Blakeley was with the Passaic Rolling Mill Company, he designed — 
and d directed 1 the construction of numerous railroad and highway bridges 
also o served a as an advisory "mechanical al engineer on the manufacture c of struc 
tural steel. While with this company, he laid the foundation for his later 3 
pen oS edly He devoted much study to the possibilities of increasing the _ 
efficiency | of steel as structural material ial through innovations in rolling practice 
and became an authority on 2 both the ‘manufacture and uses of structural steel. a 
_ In 1897 the Passaic Rolling Mill Company published a Handbook, written by a 


Mr. Blakeley, which contained much new and original i information on struc 


ms In the course of his search for improved methods of rolling structural steel, 4 4 
Mr. Blakeley became e acquainted with Henry Grey, who had « developed a mill 
that ‘permitted rolling steel beams with wider flanges, thus providing 


a me strength for the weight than the older types of beams. Mr. Ret zs, became 
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OF CAROLUS MORTON ‘BROOMALL 


asked Mr. Blakeley to join the Bethlehem organization as of struc- 


In 1927 he was ‘appointed a vice-president of Bethlehem Steel Company, an 


_ when, in 1931, the Bethlehem Steel Company acquired the McClintic- Marshall _ 


hes was made president of the new subsidiary. 


3 Chicago, I; ; and ‘the National Bank Building i in n New York, 


- He was a director of the Bethlehem Steel Corporation and a life trustee oy $ 
Rutgers University. Also, belonged to the following 


- Steel Institute, Engineers’ Club of New Y ork, Lawyers Club of New York, ‘s ! 
University Club of New York, Chi Psi and Phi Beta. Kappa fraternities, 
Bethlehem Club, ‘Saucon Valley Country Club, and New York: Yacht Olub. % 
The breadth of Mr. Blakeley’s interests is evidenced by the diversity of his _ 
_ which included astronomy, radio, clocks, flower gardening, yachting, 


contributed generously to yey iia democratic in his way of life, Mr. 


= college athletics. He was active in the civic life of Bethlehem, Pa., and 


es, 
and neighbors won him many friends, 


3 yes In 1893, he was married to Grace Delia Bogart of t Passaic, N. J. , who died in 
1940. He survived by a son , Lt. G. Bogart Blakeley, U.S.N.R. 
_ Mr. Blakeley was elected a J unior of the American Society ‘ Civil | Engi- 


3 Broomall v was married to Henrietta Zz Kraker, ‘who with his ‘only daught er 
Carlota Broomall Matienzo, surviveshim. vig 


Carolus Broomall early became attached to his profession. © 


Ibilities OF the Grey mill and envisoned a great 
iring 4 deeply intere When, in 1906, Charles M. Schwab decided to install these : ee Be 
he 
3 ince bec andard for framing large s 
him type of beam that has since become st 
known bridges and bui gs, i Calif.; the Peace 
Philadelphia, Pa.; the Golden 
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‘morning sneaked the house with the instrument to do a 
Pa a the dam on his own. When the surveyor arrived, the transit could not be 2 
ss ound. Finally, someone discovered that young Carolus had it out at the dam A 
, s The Judge said, “All right, if Carolus can n handle the transit in fun, he 
can handle it in earnest.” He sent the surveyor away and turned the job 
ee oe The J udge believed that every man should know the law and insisted that ; 
all of his four sons study for the bar. Carolus, therefore, was admitted to the © 
bar, but, as soon as he had met his father’s requirements, he left law and 1 took . 
3 = civil engineering, the profession he loved. His legal training, however, did a 
“¢ i two things for him: It improved a natural aptitude for logic, and it made him — 


any chicanery that lowers the ethical standards of a profession. 
= 1891 until 1920, he e acted a as Borough Surveyor of Media, Pa. Der 
4 ‘ing a part of this period, he was called the Borough Regulator. In 1920, the 
a town n had grown so that it needed a regular Borough Engineer, and he filled E 
this position for twenty years. He felt his responsibility as engineer deeply. 
Four factors i in addition to his professional skill contributed to the successful 
; fulfilment’ of his duties: First, his legal knowledge; second, his familiarity — 
a childhood with local properties and landmarks; third, his continuous 
Bc of engineering problems ; and fourth, his s sense of civic responsibility. ry 


While he had charge of the Media water works, he the health 


“He spent long bouts planning the betterment of ‘the plant. Some- 
times these efforts were appreciated by the Borough offcials—at other 


= but he always persevered. As an example of his efforts, Mr. Broomall 
asked permission to install wheels to cut down the expense of pumping. 


each new y development as it ap: 
{ 


“i a long and unpleasant struggle, he finally succeeded in securing ‘acqui- 
 escence to his plan, and the water wheels were installed, with the result that 
“Ss _ He was appointed Borough Engineer of the adjoining Borough of Swarth- 
_ more, Pennsylvania, in 1922, and continued in that ‘Position until his death. ; 
‘Tos show his broad intellectual interests, it is s only 3 necessary to point out that, 
although he went to the University of Pennsylvania, at Philadelphia, for 
4 a a year, he spoke and read Spanish, Italian, and French. He had studied — 
German and, at age of 70, began the study of Portuguese. 
a8 ‘His lack of a college degree may have changed the course of his life. In 
4 
1908, an acquaintance “the engineering department of Drexel Institute 
BE. Bil: Pi (Philadelphia) needed an instructor in surveying field work and asked Mr. 
ey ae Broomall if he would give an gierndon ‘a week to the work. — The following 
mee Sy year, and, for twelve years ‘thereafter, more teaching was handed over to him. 
‘During ‘this period, at one time or another—in the day, summer, or night 


the following subjects: Plane and field surveying, 


mm 
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, engineering, sanitary steam ‘design, 
e plied physics, hydraulics, mechanics of materials, strength of materials, geol 
4 OBY, and Spanish. He also was Co connected with the mechanical | testing labora- 
Z “tory. Finally, Drexel Institute required that all ‘of its teachers have college 
ome At that time Mr. Broomall could afford neither the time nor the 
ae to return to college, so his ¢ career as: a teacher ended. In any event, it 
4s doubtful whether he would have taken on a full-time teaching job because ; 
had would have interfered with his work as Borough Engineer for Media. 
hy ‘Throughout his life, Mr. Broomall was interested in the » Delaware ‘County ae 
Fog of Science in Media. This Institute was founded i in 1833, and his 
“In 1988-1939 
Jer 
. This term followed service treasurer, re 
"vice-president, curator, and editor of the Institute’s publication, 7 he Proceed- _— 
; ings. At the Institute, he had fitted up a laboratory, and also had installed mie 
and cases for his many papers and books, even kept his. violin 
; the Institute and would ‘practice when no one else was in the building. Vesti 


Evenings: at the Institute, he was: always” ready to talk ‘to the boys. 
came in. n. Hew ould make them "welcome and would help them to become fa 
% miliar with various pieces of "apparatus | and with the books and collections. 
‘Thus he succeeded in interesting many of | them in scientific subjects, It 
was all very informal and very friendly. i It i is believed that there are many Bs 
_ men and ‘women today who ov owe their le, of research and investigation to his — 
Broomall’s interests were many. was constan studying physics 
(with special emphasis on wave motion), mathematics, « chemistry, 1 mechanics 
of materials, thermodynamics, mineralogy and geology, anthropology, biology Be 
and medicine, Spanish, French, Italian, Portuguese, and German. Notwith- Exe 
+ standing this wide range of interests, he never neglected his study | of water 


supply an and sewage disposal eel. gine, needed such k ch know wledge as Borough Engi 


lig 


 aF Although Mr. Broomall was proud to be a member of the Society of 


Friends, he did not gO | to ‘meeting. of Conventional worship simply w was not to 
his liking. He possessed 1 many of the characteristics of the the o old-time Quaker, 
- He was mild- tempered, with | occasional emphatic lapses, modest, cheerful, un 
"aggressive, and peace- loving. He disliked gossip, , thought conceit w was s vulgar, 
and cruelty. Despite his gentleness, he was definitely a8 “Sighting 
Quaker.” He had a fine sense of justice, a very great patience, nd a good 


. Broomall, Delaware County lost a conscientious and pe 
tndienticl citizen who had added much to the richness of the life of his com om “f 
Mr, Broomall was elected an Associate Member of the American Society oer 
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(ROBERT FRANCIS B BROWN M. Am. Soc cacitas 


ae ae _ Robert Francis Brown was be born on February 29, 1896, in Osage City, Kans., ©; = 
the son of Robert Lawrence and Lura (Baker) Brown. He received his pre- 
paratory education in the schools of Kansas City, Mo., and entered the a 
ersity of Missouri, at Columbia, in the fall of 1915, _ Before the completion | Se 
the first ‘semester, however, he withdrew from the University ‘and ‘went to. a 
work for the engineering firm of Burns and McDonnell. He reentered the 
a) _ University i in the fall of 1916 and completed a full year’ s work. On June 18, 4 
4 1917, he enlisted in the 110th Engineers, 35th Division, U.S. | Army, and served — pe: 
& overseas throughout the first World War. He was discharged on J uly 10, 1919, = 
with the rank of Corporal, and then reentered. the University. After one 
semester, however, he returned to the employ o of Burns and McDonnell. a hee 
os His work in the Burns and McDonnell office was of a diversified character, 
covering the entire water and sewage field—design, estimates, | and supervision — 


of construction, as well a as appraisals ‘and preliminary studies. It culminated 


eg 


a 


i in his being sent to Los Angeles, Calif., in 1923 to open a branch office for x 
his firm. Mr. Brown was in general charge of this branch until September, 2 3 

1925, and constructed intercepting and outfall sewers fc for the City of Glendale, 
 Calif., a sewer system for the City of Blythe, Calif., water works improvements 


Ek: for the City of Needles, Calif., and valuations and preliminary studies for 


3 In the meantime, an old friend in the Burns and McDonnell o: organization, 2 ; 


- Leoti Reynolds, M. Am. Soc. ©. E., had become head of the Department of * 


eer,» ‘a ‘Sanitary Engineering at Leland Stanford Junior University. . As a result 4 > 
a coe of this circumstance, Mr. Brown entered the Department of Civil Engineering - 4 
ree Be at Stanford in the fall of 1925." He was graduated with distinction in J anuary, e$ = 3 
1927, and received the degree of Bachelor of Arts. Stanford he was. elected 
Tau Beta Pi ‘and Sigma Xi. He was also a me corte of Delta Tau Delta 2 


eS _ Following his graduation there were two relatively short engagements— 
ae ‘first, a year and a half as steel designer with the Western Pipe and Steel Com- 


pany, and second, a few months on water purification 1 with Thebo Starr and a : 
Anderton, Consulting Engineers, of San Francisco, Calif. 


hers 


November, 1928, he joined the engineering staff of t the California 
- S _ Service Company and remained with that company in various capacities 1 until — 
peat “his death. During the early days of this connection he supervised the con- 


Rey __ struction of the Mallard pumping station and pipe line, filter pam, and reser- 


s 


voir. The cost of this work aggregated more than $1,400 frais 
tsivelved © of 33-i -in. . concrete pipe, 
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filtration plant. This during the of 1928- 1929 
and, pending its completion, the system was partly supplied by water brought — 


in barges a across Suisun Bay toi Benicia, , Calif., at ‘a cost far in excess of the 


in record time. Sine its completion in 1980 there has been 
indication o of weakness or faulty construction in any part. of this 
= _ evidence of ‘the care and skill with which the. entire work was done. Ades 


ing ‘manager: of the Stockton 
i ‘(Calit ) district. he remained for ‘eleven years, representing his company 
in a territory comprising more than 14,000 consumers. In April, 1941, he was — 
_ transferred t to the main office in San J ose, Calif., , and was put in charge of all 
the « company’s construction work, which amounted to more than $1,000,000 
Mr. Brown’ outstanding characteristic was his unfailing geniality. 
_ body ev ever r saw him show a anger. . Her was is public spirited to a fault, and prodigal 


te 1939. ‘ He was also active in the Stockton Rotary Club and naranaae. ee 
in 1941 when he was transferred to San Jd For several years he 
and saw achive: duty during the San Francisco general strike in 1934. He 
was also | active in the affairs of the California Section of the American Water aa 
— Works Association, serving as director for several years, as secretary- treasurer, 
in 1937, as chairman of the Section, 
On his graduation from Stanford University, he was united in marriage aA 
ape. Margaret Turner, daughter of OC. A. P. Turner, M. Am. Soe. OC. E., a is 1% 
in the design and construction of reinforced- concrete structures. Mrs. 


Brown was elected an Associate Member of the American Society of 
; Ps: Civil Engineers on December 14, 1925, and a Member o on ‘September 29, 1980, cS. 
ALFRED DICKEY BUTLER, M. Am. Soc. C. 
Alfred Dickey Butler was born on May 1 10, 1878, at the ranch home of his 


parents. on Moran Prairie, Spokane. County, ‘Washington. His father, J. N. 
Butler, and his mother, Jenny (Dickey) Butler were pioneer residents | of Wash- oF 
ington | coming originally from Ohio. > Mr. Butler received his early education 
a - in the grade school at Moran Prairie and attended the old Spokane High School 
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F tember, 1900, and in 1904 he was graduated, with honors, with the degree of 
ke Bachelor of Science in Civil | Engineering. — Because of his brilliant academic — 
gh) record he was elected to ‘membership > in the honorary y engineering fraternity, 
Tau Beta Pi. In 1909 the professional degree of Civil Engineer was conferred 
Boing upon him also by Washington State College. Sp 
During his senior year in college Mr. Butler designed and cuperintended 
Ee, the construction of a $10,000 sewer system at Pullman, which was finished in — 
ae February, 1905. _ Following this he served as instrumentman on a survey for iz ae 
a a water supply system for the City of Colfax, Wash, Undoubtedly these first ae 
two positions formed the basis for * the fact that he later selected municipal : 
engineering as his life’s work, 3 
Railroad engineering then ‘comprised. a ‘considerable part of Mr. 
oa early experience. From February, 1905, until June, 1905, he worked as instru-— 
mentman on railroad location in northern Idaho for a private company. 
this position he transferred d to the employ of the Great Northern Railway 
8 ae Company, where he was engaged in engineering on maintenance 2 of w way until © 
1905. Improvements and extensions by the Great N 
Company at this time were responsible for his transfer to instrumentman and . 
field draftsman. Then i in May, 1906, he was transferred from a field position Bs 


drafting on location maps" and 1 general details. He continued in this ca- 
until Ap ril, 1907, when he accepted a ‘temporary ‘position as as 

ca with the Oregon-Washington Railroad and Navigation Company until July, = 
ee 1907. This temporary work included right-of-way location in Washington be- 
‘tween Chehalis and Greys Harbor. addition to his. regular work for the 
; o different railroad companies, Mr. Butler also engaged in private railway engi- 
. 4 neering. _ During the period from July to September, 1907, he acted as engi- 
oo in charge of location of a logging railroad for the ‘Weyerhauser Lumber — 
Company near Tolt, Wash. (abandoned logging town close to Seattle, Wash.). 


After September, 1907, Mr, engineering activities seemed to turn 


work and and construction of streets in Interlocken Park. 


Be: ate Mr. Butler’s long association with the City of Spokane began on February q 
ae 29, 1908, and this date perhaps s marked 1 the turning point in his career. ‘While 
he was employed in the city’s municipal engineering office many notable 
in the design and constriction of public works were realized. 
«His | inception o of numerous ¢ engineering structures contributed immeasurably _ 
to the welfare and growth of Spokane. Paid 
first association with the city engineer's office ‘was as draftsman i in the 
“bridge: department. Later, as field engineer, he was s placed in charge of a 
$275,000 project on sewer design and construction. This project was built 

os period from February, 1908, , tod uly, 1909. Mr. Butler’s ability — ; 
in the successful completion of this work and his general skill | 
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oF OF ALFRED DIO 
An aggregate amount of $7, 540,000 was while Mr. Butler was 
* acting } principal assistant city engineer in charge of sewers, street grading and — ees 
paving, and construction projects. In addition, he was also responsible dur- 


; ing this period for several notable improvements and additions to Spokane’s 


municipal water supply ‘system. He was placed in charge of the design and 
_ construction of a 20, 000, 000-gal storage reservoir and four reinforced concrete 
each of 100,000 gal. These structures form an 


integral part of the. city’s water ‘system | and are notable for their pleasing ‘archi- — 


On November 4, 1917, Mr. Butler was freer to the Position of city ae 


engineer and in this ‘capacity for years— 
Gromer supervising, and completing many large projects. More than $11,- BR 
000,000 was expended in municipal work in general, which included street _ 
improvements, sewers, paving, bridges, and other engineering structures. pred: 
The City of Spokane is frequently referred to as “The City of Bridges,” 
and Mr. Butler deserves much of the credit for this title. He supervised the a 
_ completion of the Washington Street, the Trent Avenue, and the Post Street 


_ bridges. He also | supervised the planning and was ‘instrumental i in ‘the con- RE 


his x money y and that all pie este work met the required standards. At o af 
_ time there was a difference of opinion between the contractor and the diver 
“employed by the city as to whether bedrock had been reached for the placing 

- of the pier of a bridge. Mr. Butler” straightway donned ‘the diving suit and 


be ‘The people of Spokane owe much to the efforts of of Mr. Butler for the r ri d- 
city in which they live. ‘He was extremely interested in municipal sani- 
_ tation and did considerable toward i improving public health conditions within ke 
city. of the city larger se sewer projects instituted a and completed 
under his supervision are the South Manito and South Manito extension, 
Union Park, Hillyard, School Section and Cannon Hill trunk ‘sewers and the Ge 
-_down-town ‘intercepting + sewers. He also made numerous specialized stu 
on stream pollution of the Spokane River, 
i One of Mr. Butler’s many assets was his keen interest in. all oie af- 
‘fairs. . He did ‘considerable 1 work in behalf of the city’ 8 gas tax ‘allowance which | 
* resulted in nearly $1,000,000 being allocated from the state fund to Spokane 
for paving work. Besides being city engineer, he ‘was fora a time a member of 
4 a) Park Board, and was s active on the City Plan Commission from its inception. 
of a ‘Mr. ‘Butler was not only an engineer | of considerable merit, but he might 
built oe also be classified as an excellent s statesman. Ie was endowed with an extremely 
4 _ amiable personality which won him a host of lifelong friends. His ability to ee 
express his ideas clearly, always in a friendly but forcible manner, did much to — 


gain the esteem of his business associates and fellow citizens. 
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OF WILLIAM TATEM coLLANGS, JR. 


‘eee too busy to ‘give his untiring attention to any person or problem pre- 
"sented. By t those > who ke knew him best, Mr. Butler was simply | ‘called “Fred. 
- Although playing a major r réle i in civic affairs, Mr. Butler also found time to ae 
be a very active citizen. He served for seventeen years as a member of the _ 
Bo of Trustees for the Deaconess Hospital to Spokane. was interested 
n youth and devoted considerable : time to the | position of examiner for the 
“Boy Scouts of America and for several years served on the Spokane Boy Scout — 
Council. He took an active in religious aff affairs and was a member of 


Masonic Temple was rebuilt in He enjoyed and possessed a 

-Mr, Butler was both a writer and a.speaker. He published several technical 


articles.” He proved to be an ‘excellent speaker on engineering ss well as 
other subjects and was frequently ‘called upon to give talks. 
_ His general interest in the advancement of engineering in his 
membership in the e Associated Engineers of Spokane and the 1 Northwest Scien- a 
of tie Society. He was both an officer and a charter member of the former « ‘or- ; 
ganization. _ He also served as representative of the northwestern states on the : 
di committee to revise the constitution of tl the American n Society of Civil Engineers = 
Bes and he performed many services as an officer and member of the Spokane See- 


On | September 4 4, , 1906, ‘Mr. Butler was married to Zella Bisbee, and they — 


ecame e the parents of two sons, , Alfred B. and Franklin M. Butler. 


ee _ In tribute to Mr. Butler, part. of a statement by F. G. Sutherlin, Mayor of — 
i: Spokane, i is quoted : “Competent, conservative and even tempered, he inspired 


confidence and his work eminently satisfactory.” n further tribute, 
AB Colburn, Commissioner for the City of Spokane, stated in part: “Mr. 
‘=a was interested not only i in engineering but in everything connected with | 


city. We consulted him about all civic matters. known and hon- 


Ss _ Alfred Dickey Butler was elected an Associate Member of the American — 


AM 

a Society of Civil Engineers on October 5, 1909, and a Member on November > 


Am. ‘S00. Cc. 


at 


q 


ney) 2 Engineering News-Record, Vol. 84, No. 19, May 6, 1920, p. 899; Vol. 86, No. 2, 
March 24, 1921, p. 498; and Vol. 89, No. 21, November 33, 1922, p. 890. es Ys om 


Pacific Builder and Vol. 28, No. 21, May 26, 1922, pp. 
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‘ Wilham ‘Tatem Collings, Jr., the son of Wilham Tatem and Ulara Co 
ae. ear Beaver City, Nebr... on July 7, 1888. He was grad- 
a born on a farm near Be: ity, 


the high school in Beaver. in 1906, and, ‘ehortlp iafeéie 


U. S. Indian Service in Los ‘Calif. During the next wes 
a -one- -half years, he was employed by the Indian Service and by private surveyors — 
in and around Los Angeles. For the following seven years, he worked for the — 
- City of Los Angeles in various capacities, mainly on the Los Angeles aqueduct 
and i in the harbor district, engaged on conduit, siphon, and tunnel construction, — 
. and also on surveys of power sites and transmission lines in Owens River 
q Valley and the distribution system in Los Angeles. — During | the period, Sep- x 
tember, 1916, to January, 1917, he was city engineer of Superior, Nebr., super- Ree 
ing a street improvement program involving aaphalsio concrete paving. 
_ From February, 1917, to May, 1919, he was with the U.S. ee oe 
| Rio Grande Project, New Mexico, first on canal location and then on 
hnical construction. Mr. . Collings spent the x next two years in private practice at 


rell a8 4 | q ‘Las Oruces, N. Mex., where he was as also town engineer. 4 While in Las Cruces — 


numerous designs on bridges, etc. Tn the from May to August, 1921, 
he directed surveys for reservoir sites, conduits, and pipe lines : for the water 


supply system of the City of El Paso, Tex. After completing ‘this work ee = 
Mr. Collings returned to New Mexico as project engineer for the New ‘Mexico 


State Highway Department. In July, 1923, he moved to Los Angeles, accept- 
ing a position as field engineer with Strong and Dickenson Syndicate, engaged — ; ; 
in subdivision and ‘municipal improvement work. He continued ‘i in “this 
capacity. for the sy syndicate and other contractors until June, 1927, whe 
accepted the position of engineer with ‘Imperial Irrigation District. His 
_ work with Imperial Irrigation District was the installation of an irrigation — 
system for 16,000 acres neat Niland, Calif. On this project, which was com- 

pleted in July, 1929, he was in charge of the field work, drew up the ves --¥ 
specifications, supervised the construction of the distribution system, 


Bs. was as active in n studies of the | drainage requirements of the district. 


‘eats 1929-1938, in connection with the . e All- -American Canal project. ‘Fron 

= May, 1929, to May, 1930, he was associated with H. J. Gault, M. Am. Soe. C. 

» of the U. S. Bureau of Reclamation, in the field investigations for the 

Late in 1930, he was sent to Denver, Colo. the representative of the 
Imperial Irrigation District at the Bureau of Reclamation offices i in that city. 3 os 
For the next 8 seven years, th the . | All-American Canal was his project. A review wy 
of his correspondence during this period shows his tremendous capacity. for 
4 work, his keen understanding of the problems to be met, and his versatility. faa 


3 


His reports ranged from hydrographic investigations, “cost estimates, 
construction ‘method ‘studies, to detai in n connection with the financing of 
Ih In J rune, 1987, he w was recalled from Denver by Imperial Irrigation District 
4 to become assistant to the chief engineer at Imperial, Calif. At this time te 2k 
district had | adopted a program wi which involved the building of the hydro 


one ly 


ud 
"plants on on the All- American Canal and construction of the > electric transmission : 
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MEMOIR OF EDWIN FORD DAWSON 

Canal power. In 1938, Mr. was 5 to sick 5 

Be leave, and from that time until his subsequent passing, he was unable * to con-— 


view of this, his work is all the more remarkable. ai te § iy, 
aa | oR Collings was ‘married in El Paso, to Serena Perry on April 23, 1919. 
a His widow and one son, William Tatem Collings III, survive him: = | 
a (it ‘Prominent in Masonic circles, Mr. Collings was a member of Santa Fe 


Lodge, F. and A. M., and the Scottish Rite of that. city. ‘He was, a 


the ) strenuous period devoted to the ‘construction of the All- -American Canal, 


Collings was an Member of the American Society: of 
_ Civil Engineers on March 12, 1923, and a Member on January 20, 1931. attenbs: 


9 ait Fepruary 25,1942 
ES, a Edwin Ford Dawson was born in Philadelphia, Pa., on March 10, 1859, the 
i” son of John Collins and Sarah M. (Montgomery) Dawson 
from an old Philadelphia family who for several was associated, 


in 1 executive capacities, ‘Brothers and Company, one of the 


economics and finance. He attended the University of in Phila- 
a here he established an outstanding r record, and from which he was 
"graduated with honors in 1880 with the degree of Bachelor of Science in En- 


‘ ry During the years 1880 and 1881, he was: employed by the U. 8. Bureau of 
a Harbor and River Improvements, 2 assigned to development projects in the New 
York, N. Y., and Philadelphia areas. On leaving this bureau he became as-— 
sociated with the Philadelphia and Reading Railway Company, in Philadel- 


phia (later Reading Company), with which he continued until his retirement 


‘His first "assignment of re real Proportions | was the design and construction, 
in 1890, of a plate- girder and stone-arch-curved double- track bridge over r the 
of the Schuylkill River, north of project was fol- 


f engineers the airs Highway Department, the 


1Memoir prepared by Walter Sebastian, M. Am. Soc. C. 
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During his term as engineer in the of the engineer of 
the in Philadelphia, he had charge of the surveys for, and construc- 


hief | enginain, . His long services in this | capacity covered two distinct periods — 
in the later development of railroads: The first was a period of ‘organization 
; adjustment as opposed to earlier railroad expansion—a period during which 
_ few new lines s were built, but one during which then | existing lines were greatly 


i “augmented by x many additional and improved facilities. _ More specifically, 


of new and improved signals and “interlocking plants, of piers and wharfs 
- serviced by highly efficient mechanical loading devices, and of additional uh 
a second, third, and fourth tracks to care properly for the rapidly increasin, 
business. mf The second period was characterized by “motorized 
- competition in an era of fast, increasing automobile travel, by the introduc 
_ tion of the motor bus and motor truck, by improved electrical protection of 
4 highway crossings, by compulsory grade- crossing elimination, and by the more 
acceptance of electrification. ‘Thus Mr. Dawson’s problems ‘were 
varied, and his efforts in their solution always were characterized by speed, 


tious in word, deed, and appearance; and he guinuilied an astute mind. Much — 
mn ' of his leisure was devoted to reading, 1 from which he amassed an amazing store 
iated, i of knowledge particularly i in the fields of English literature, American history, 
oldest economics. He was held in high esteem and affection by his 
friends en and business associates, and it may be truly said of him that he was 
gentleman. He | died on February 25, 1942, and is survived by his widow 
Minnie Shouse Dawson, to occa he was married just fifty-eight years before, 


Dawson was elected a Member of the American ‘Society of Civil 
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Meirs the son of Rusha and Deniee, was. 
n Norfolk, 4s on Jan anuary 24, 1876. After his ‘preparatory schooling, 


1895 with the degree of Bachelor of of Science. “He ennai school for two ose 
nt, the § at North Plainfield Latin School in North Plainfield, N. J., and then entered 


‘icon Pennsylvanis Railroad Company, and the City of Reading, 
sik i imination of all rai | ns 

ak -_ lated a comprehensive plan for the elimination of all railroad grade cross a 4 F 
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5 
Lehigh University in Bethlehem, | P, which h he was 1808 
with the degree of Civil Engineer. _ While in college he became interested in = 
especially football, and played on the at both institution 


 eeemnaita which in 1900 became a p part of the American Bridge Com. 5 


—_ _ After six months as a structural draftsman in Philadelphia, Pa., he 
was transferred to the designing and estimating department ‘in New York, 
N . Y., and Pencoyd, Pa. In August, 1901, he left the American Set Com-— 


‘until April, 1904, when was made in. charge 
of the Chicago (Ill.) Office of the company. He occupied this position until — 
1919, when he was a to —— to act as contracting manager in charge 
ugust, 1929, he was elected vice-president 
of the company, with same ni aid bia dietia 
‘When the McClintic-Marshall Company was acquired by the Bethlehem — 


Steel Company in 1981, and a new ‘subsidiary, ‘the McClintie-Marshall’ Cor-— 


gales was Bethlehem. Beginning in 1936, the q 
of the subsidiary was conducted in the of the parent company, 
and Mr. Denise became guetel manager of sales, fabricated steel construction, 


- tegrity not only made him invaluable to his company, but won for him ~@ 
‘personal « confidence and friendship of every one 1 with whom he came in contact. j & 

He always retained his. early interest in sports and became an enthusiastic and — 


Nae He was married, in 1910, to Lucy M. Crandall, who, together with 


Robbins and Char les Meirs, Jr., survives him. 
Mr. Denise was elected second -president of the American Institute of 


; “Steel | Construction, Inc., in 1936. He was a | member of the Western Engi- 
on neering § ‘Society of Chicago. He also was a member of the University Club, 


oS ee Duquesne Club, and the Oakmont Country Club of Pittsburgh; the Uni- 
‘Versity | Club and the Engineers’ Club of the Saucon Valle 


Mr. Denise was elected a Member of the American Society of Civil Eng 
neers on May 3, 
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Diep Maron 15, 1942 


Victor was born i n the Town of Isabela, uerto Rico, 


March 28, 1869, the son of Juan Maria Domenech and Nieves (Ferrer) 
a Domenech. a He received his early schooling in Isabela and ‘then - was sent to 
e the United States to finish his education. — Upon n completion of his school work 
a he entered Lehigh University, at Bethlehem, Pa., ., from which he was graduate 
in 1888 with the degree of Civil Engineer, — Being particularly. fond of mathe- 


«fret 


and an excellent student, he wa 


"Valley. Railroad Company as draftsman levelman. years later he 
“returned 1 to Puerto Rico, and from 1890 to 1892 he was with La a Compafiia d de 


Los Ferrocarriles de Puerto Rico, first as. s designer, and later as eonatruction 


be engineer, in charge of the construction of seventeen miles of track, 
From 1892 to 1898 Mr. ‘Domenech was: city. engineer and nd municipal a archi- 


streets, roads, w water works, public buildings, etc. We tog 
In 1899 Mr. Domenech became for the Government of Puerto inks 


Rico, in charge of. the public roads for the Southern district of the Island. is 4 


Shortly : after this, Mr, Domenech 1 engaged in in private pi pra active designing | sewer- 
age ze and water works systems for the cities ey Ponce and Mayagiiez. He also fi 
; located, planned, and desi igned a railroad line for the and -Guayama 


_ From 1900 to 1906 he was May or of City of Ponce an member o the 
‘Asland’ early Legislature. As a legislator Mr. Domenech helped to shape and 


adapt laws under the new sovereignty. He was the floor leader of the Republi- 
can party during the time that he was a member of the Legislature. _ Aor He 
ay rom 1 1907 to 1914 Mr. Domenech ¢ en; aged again i in private practice « of his 


v0 vo sons, uring this time appointed trustée of the University : 
4 ollowing early liberation of ‘the local government under President Wood- 
row Wilson, Mr. Domenech became Commissioner ‘of Interior | of Puerto ‘Rico, 
“folding this high position from 1914 to ‘1917. om He was the first Puerto Rican 
"appointed to this position under the new sovereignty. “Tn this s capacity he did af, 


splendid work—he encouraged highway development throughout the Island 
¢ completed | considerable highway and public building construction. 


r Tn 1917 Mr. Domenech again engaged i in 1 private practice for a short While, 
:. ‘later being appointed general | manager of the Puerto Rico Railway Light and 


- Power Company, at San Ju: uan, which pc position he held from 1920 to 1926. a ‘His 
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‘MEMOIR OF MANUEL ‘VIOTOR ‘DOMENECH 


‘ _ From 1926 to 1929, Mr. Domenech engaged ¢ once » more in private practice. a 
In addition to his pr private work he was engineer in charge of all the property. a 


of the Bull Insular ‘Line, Inc., at San Juan. This property consisted of ware- Be: 


Governor of Puerto Fin, 


4 ih 1930 the Hon. Theodore Roosevelt, J r. 


with ability until 1935, ‘as it was 
ny went through its worst economic crisis. In this position Mr. ‘Domenech served _ 


as | Acting | Governor several times in a very able manner. Ing uly, 1935, he | s 
<2 ay resigned as Treasurer of the Island to become financial adviser to the Gov- 
3 ernor, which position he held d until 1 1940, when he resigned to become “Trea- 


- gurer of the Island ‘once more, for a short period, after which he resigned to a 
~ become a member of the newly created Tax Appeals Court. At the time of — 


his death he was serving as a member of this court, 


a Throughout his life Mr. Domenech was notable as one of those citizens 


a who not only have ability but also the willingness to be useful in civic affairs, 
ee Tt was not strange, therefore, that he was called on | on repeatedly to serve on 4 
Bs various commissions and boards. His unusual executive ability, coupled with © 


‘sterling g honesty and sense of civic duty, made him a leader in the community | : 
_ as witnessed by the following positions which he held: President of Sociedad a 
és Ingenieros de Puerto Rico, President of the Local Chapter of the American a 


" Society of Civil Engineers, Chairman of Chamber of Commerce of Puerto Pe 


Rico, 1 President of the Rotary Pay President of the Union Club, and bh anal 


As an executive Mr. wianids was strict, but always just, with his sub- 
a very conspicuous place in public life, He was a founder 7 


of ‘the local Republican party, urged early granting of American 
i r » the people | of Puerto Rico, and advocated statehood for the Island. | 


for himself or limelight for his actions, He was “meticulous” in 


- his undertakings, and any one having dealings with him would soon discover 


he was ruggedly honest. 
e , was married twice a and i is ERS by his widow and ten children, one 


of is Lt. J. P. Domenech of 


betalanion 


mF ee Mr. Domenech was elected a “Member of the American Society of Civil: 


ag 


1922 Lehigh Univer on him the honorary degree o 
the year by conferring upon him the 
wn public services 
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MEMO OF EDWAK 


_ of Civil Engineer, and in 1919, the makin of Master of Science by the same 
a ‘Upon graduation he entered the employ | of the contracting firm of H. 8. nA 
Kerbaugh, Ine., advancing to the position of general | superintendent. Later, 
4 the company was reorganized as the Empire Construction Company, Mr. 
, Dougherty continued with the firm, » becoming president in July, 1931. I 
5 February, 1941, he resigned to form his own company, the E. J. Dougherty 
Construction Company, which he headed at the time of his death. 
As general superintendent of the Kerbaugh Compan: and the Empire Con- 
struction Company, he had under his direct supervision the construction on 


nd Ohio Railroad i Company. . Among the more important of 1 the latter projects 
were: Rebuilding | of Fairmount Park Tunnel, Philadelphia, Pa.; elevation o 
tracks in South Philadelphia; second track improvement of the OSOPONEED ys 


Branch between and Point of ‘Rocks, | Md. ; Queen Street ery 


pier’ il oebiieiied at Locust Point, Baltimore; work on the Marley Neck 
Branch, including the erection of a large bridge across Ourtis Creek, Curtis 
Bay, y, Md.; bridge across the Potomac River at Harpers Ferry, W. Va; con- 
pends of the “Fair of The Iron Horse” at Halethorpe, Md.; and building 
n he wa was s president of Empire Construction in addition 
= to the work for the Baltimore and Ohio Railroad Company, a large bridge 
g over South River, a new concrete e bridge and approaches « on a 
North Branch, @ lanes’ bridge a and approaches, involving considerable rock 
excavation for the cutoff road on Route No. 40 just north of Ellicott City, — 
_ Md.—all were constructed under his direction for the State Roads -Commis- 
sion of Maryland during the depression years. | He also directed the building i 
= a coal dock and dumper foundations for the Chesapeake and Ohio Railway j 
= Company at Toledo, Ohio; the foundation for a coal pier for the Norfolk and. 
Western Railway Company at Norfolk, Va.; a floating dry dock for 
"Bethlehem Shipbuilding Company at pid Highway, Baltimore; bridge, grad- 


3 Department of ‘Highways. of the State Pen snsylvania, the change of 
line and construction of a large bridge for the Pennsylvania Railroad at 
*Memoir prepared by W. W. Gwathmey, Jr., M. Am. Soc. c. E. ’ 
bg 


iim 
— 
the son of the late James Edward and Mary (Rountree) Dougherty. He 
ade. ceived his early education in the public schools at Haverford and was gradu- 
ated from Villanova College at Villanova, Pa., in 1912, with the degree of 
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MEMOIR ‘or aw ARTHUR SYLVESTER ‘DOUGLASS 


reconstruction of twenty- -three bridges on the West ‘Virginia and Pitts. 
a burgh Branch, as well as the grading for a modern engine terminal at Cowen, * =) 
W. Va., for the Baltimore and Ohio Railroad Company. Mey af, 
lao interested in professional activities, Mr. Dougherty was president — 
a of the Maryland Section of the Society in 1939. When he assumed his duties — 
sag president, Section affairs were in very bad shape, and largely through his _ 
_ efforts and enthusiasm the e organization w was restored to its rightful position Sa 
‘as one of the leading engineering societies of the state. buses 
_ Prior to 1939, the State of Maryland had no law governing the registration 
of professional engineers and land surveyors. During his tenure as president 4 
_ the Maryland Section, and mainly because of his effort | and determination, 2 
Legislature of Maryland passed such an act, which was approved by the 
Dougherty v was a member of on Engi neers and 4 


of the Civil War, he | often by writers.an and on 
this particular phase of our country’s history. eh 
ge _ Religious, charitable, and educational matters deeply interested him. His = 
: Sarees. were performed i in such a way as to hide them from every one s 
except those who were recipients. or heads of institutions which he helped. 
aS ‘He was a man of high ideals and integrity, and his life was filled with active 
oa service to his fellowmen. _ Eddie Dougherty commanded the respect and good 
wishes of all who had the ‘good fortune to know him. 
me The life of this man was aptly expressed by Father J. F. Burns who spoke | 
at bis funeral, , when he said—“Mr. Dougherty was like a great oak, whose 
branches reached out and enfolded the poor and those who were in ‘distress, 
ae and that the Oak had fallen i in death, but the place it had made would i slenee ; 


Pec . Dougherty was elected a Ju unior of the American Society of Civil En- 
gineers on April 18, 1916; an Associate Member on August 9, 1920; and 


* 


ARTHUR SYLVESTER DOUGLASS, M. m. Soc. C. 


Arthur Douglass ‘was born on January 16, 1883, in Plymouth, 


es Mass., the son of Roswell Sargent and Frances J osephine (Clark) Douglass. — 


‘After the completion . of his’ elementary and high school education i in Plymouth — 
he spent two years at Wesleyan University, Middletown, Conn. He attended © 


: -1Memoir prepared by A. C. Marshall, M. Am. Soc. C. E.; Simon Roth, Chf. Draftsman: 
et John 8. Nelles, Engr., Drafting and Surveying Bureau; F. D. Campbell, Engr., Blectrical 
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gy In t this period he served as assistant general supervisor, Inspection Section, 


was graduated in 1908 with the degree of Civil Engineer. 
ee Immediately following graduation, Mr. Douglass entered the employ of eS 
Deo te of Purdy and Henderson (Corydon T. Purdy, M. Am. Soc. ©. E. aa 
and the late Lightner Henderson) in Boston, Mass., as a we detailer. In 
# 1909, he joined the Colorado Power Company where he was promoted from 
: timekeeper to rodman, and finally to assistant resident engineer. - Among the 
jobs on which he was employed were the Bear Trap Dam and Hydro-electric 
- Power Plant and the Barker Meadow Dam. In 1911, he was employed by 
_ the Kerbaugh Construction Company and placed i in charge e of concrete work A 
on the Catskill Aqueduct. Following this, he served as construction super- 
_intendent on a power transmission line at Lachine, Quebec, Canada, and later Ss 
served as night on the dan dam and hydroelectric project at 
Bonny Eagle, Me Yo eile to 
- The spring of 1912 found Mr. Douglass in North Carolina engaged in the 


construction of power transmission lines in that state. It was here that 


q became acquainted with Clara “Armistead of Rockingham, N.C., and they were 


‘Barcelona, ‘Spain, where ‘en was general foreman in charge of construction | of 
the hydroelectric power plant for the Ebro Power and Irrigation Company. 
Returning to the United States he became labor foreman for the late Charles — 


ax. J acobs,? M. Am. Soc. ©. .E, , and the late J ohn V. Davies,* M. Am. Soc. 


E., of New York, N. Y., e engaging in subway construction. In 1915 he was 
appointed Munitions Production Agent of the British Munitions Board for 
the Northeastern District of the United States and 1 held this Position for two 


Bit In Mawust, 1917, he was commissioned a Captain i in the Ordnance Depart- Mes 

"ment of the United States Army. In January, 1918, he was promoted to the 


@ rank of Major and in March, 1919, he rose to the rank of Lieutenant Colonel. pat ; 


_ Ordnance Department; Member of Ordnance Officers Examining Board; a 
; Ordnance District Chief, Boston District; and Chairman of the Boston Dis- — 
trict Claims Board. On April 18, 1919, he received a special letter of com- 3 
_ mendation from the Chief of Ordnance for services rendered, and on February : 

15, 1920, he was discharged fi from the Army. 


and Surveying Bureau as well as the Company ’s Beecher Shops, was 
under his direction that three of the Company’s present steam power plants aS 

were built: Marysville, Trenton | ‘Channel, and Delray ‘Power Plant No. 3. 


- Plant. During the same period, many substations and other electric facilities 
were built as well as several office buildings and warehouses. - At one time Mr. 
Douglass had under his direction a total of 4, 370 employees. . He} pioneered i in 


For memoir, see Am. Soc. C. E., Vol. I. EXXXIIT (1919-1920), 2236 
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os of the paper . “Three aad One-Half Years’ Experience of The Detroit 
res Company with Concrete Control.”* His belief in the future impor- 
~ tance of welding as a fabricating method, and his authorization and e encourage- 
_ ment of experimental werk, led to its development within the Company to the 


even ‘for members subjected | to extreme conditions of pressure 

Douglass was a member of the Society of American Military ee 

“neers, the American Welding Society, the Michigan Engineering Society, 
oy eS ‘a director of the American Concrete Institute, and a director and past presi- a 

of the Engineering Society of Detroit. Other organizations of which he 


addition to his professional activities, Mr. Douglass gave generously 
: z of his time and energy to local civic ¢ affairs. He was well known for his work 


cs = in connection with the Detroit Building Congress, the Committee for Trade Re- 


Bh ae covery, and the Detroit City Plan Commission. He also took an active part el 


; “be - Although he was first of all a practical construction man, there wes an- 
* a other side to Mr. Douglass—a side that one might not expect to find in a man 4 


‘ /-= worked chiefly with concrete and steel : He deeply loved good music. He 


tem years there were few concerts given by the Detroit Symphony Orchestra 3 F 
ee a not find Mr. Douglass in his place, an enthusiastic and attentive — 
 jistener. If he heard a piece that he did not like, he would buy a a record of it, 4 
= and play it over and over until he was convinced that he would never like it 3 
eee ae or until he | had learned to appreciate it. He owned a superb collection of sym- 
ae phony records which he listened to by the hour with a careful and critical ear. & 
opera was one of Mr. Douglass’ favorite diversions. He wasamember 
ae = i ae of the Metropolitan Opera Guild, and attended many New York k performances. BS | 
s es He was also a regular visitor to thé Detroit Institute of Arts and was espe- 4 
; - cially interested in the annual Michigan Artists Exhibits. He was fond of 
antiques. _ Other hobbies included stamp collecting, photography, and fishing. a 
x ah Limitless enthusiasm, sincere earnestness, an intense personality, and an q 
ae m impressive physique made Arthur Douglass an outstanding figure. He pos- — 
Be sessed great ability to accomplish what he set out to do; obstacles seemed to 
fade under pressure of his determination and personal hardships" were no 
challenge to his abundant strength. Yet this zeal detracted in no way 
2 -. his imsistence upon accuracy and quality. No detail was too small to escape 
his attention and no circumstance was sufficient to ‘justify incompleteness. | 


3 He was thorough and always followed through o ona job from beginning to end. q 
the qualities that were most by his fellow workers 


Use Or Soil Mechanics in Toundation problems, correlated with a'complete 
record of subsequent column settlements. He was also quick to take advantage # 
4 
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stood on any subject, and no one ever questioned the honesty of his decisions. 
"His firmness. of purpose commanded the the respect of all who had dealings with 


him. Personal friendliness, cordiality an and hospitality, combined with his out- 


Douglass is survived by his wife; three s sons, , Arthur Sylvester, Jr., 
William Armistead, and Andrew ‘Dewees; and two sisters, Josephine Douglass < ay 
and Grace (Mrs. Edgar Schindler), 
Mr. Douglass was elected a Member of the “ C n 


neers on March 28, 1982. of She” B Br. 


IED 1 14, 


Walter J Fuston was at Waxahachie, Tex, July 20, “1888, the 
on of His father was «building 
contractor. f His mother’s family came to Texas from Illinois in a covered 
wagon when she two years old. Mr. 1 Fuston was, second i in a family of 


five children, two. of whom him. sia. on ir ave ion 


_He attended the public schools of Waxahachie and later 


be lowe and G Gas in the réle of 
engineer, r, and meter inspector. Fr rom October, 1909, to 
|g ‘December, 1915, he was employed as draftsman and purchasing agent by the Br 
al Traction Company and affiliated companies, which were, at that - time, a 
engaged upon a large program of interurban railway construction. When this 


was he entered the ‘structural engineering field. ‘From De 


he prepared designs and shop drawings 
frames of many important buildings i in the ‘Southwest. at 


7 


_ From February to August, 1920, he was chief engineer : for the Munn Con- 
“i - struction ¢ Company of Dallas, on ‘the | preparation of estimates and designs for 
structures. From August, 1920, until his death, he maintained an office at 
‘Dallas as consulting engineer on structural work. His designs were of a 
high « order and covered all kinds of buildings and types of construction. __ 
Mr. Fuston took an active part in civic and professional affairs. He was a 


member of the Technical Club of Dallas, the American: Association | for Ad- 
vancement of Science, and the Church of Christ. 


Memoir prepared by R. Jameson, M. Am. Soc. C, 5, 
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aoe survives ri Although Mr. and Mrs. Fuston had no children of soled 
own, _ they took th three homeless children into their | home and reared them to 

ho Mr. Fuston was elected an Associate Member of the American Society of 


Engineers on on October 2, 1922, and a a ‘Member on “March 5, 1928. 


Dakin (P. Gillham born ona a farm in Dover 
ear Princeton, Bureau County, Ill., on May 12, 1883. . His father, Julius Gill- 


od ham, was a farmer. His mother was Elizabeth Dakin. It is interesting - x 


note that through Phoebe McManus Dakin (his grandmother on his mother’s 
bide, born in old Fort Louisville, Kentucky), Phil was descended from one of — 
the men who accompanied George en ates Clark on his history-making ex- j 


: ‘His mother died when he was s only five years old, and he lived on the old 
: ee: home farm with his father until he went away to school. He never outgrew 
his love of his boyhood home at and his intense love of the country. 

His early schooling, ‘through the seventh | grade, was in the “typical ‘imide 

. 4 western country schoolhouse. He later attended the Princeton Township a 


q ‘High School, being graduated i in J une, 1900. Phil: then went to the Univer 


charter member of Sigma Rho Chapter of Beta Theta Pi 
- University of Illinois s. During } his senior year he was president of the ‘Chap- 4 

Hy i ter, and, for several years after ‘graduation, he served on the building com- 

hat From 1 D. was in charge of land a nd 

(which became his an a detailer of steel bridges for the Chicago 
ne Bridge. and Iron Works i in Chicago, tl. Later, i in the same year, ar, he was em ws B 
ployed by the Noelke Richards Iron Works, Andianepolie, Ind., as 
on the Grand Leader Building in St. Louis, Mo. pis! picithunin ag : 
Also, in 1905, P. D. became interested in reinforced concrete construction ; 
othe little used. As there were few engineers in the United States familiar — - 
with the theory of re of reinforced « concrete design, he felt that there were opportuni- 
for the young engineer in this branch of engineering. In 


Pr, Memoir REGrea, by W. O. Snyder and Walter S. Todd, Associate Members 
Cc. B., and Creal Bridge Kentucky Dept., Frankfort, Ky. 


— 
— 
& 
tg 
is 
ot Bachelor of Science in eniversity he played. feothell-in 
4 
— 


, denioatey which was engaged in promoting the use of the “corrugated bar”— be 
a deformed section for reinforcing concrete, patented by the company. D. 
¥ soon absorbed the principles of the design and, during the next five years, de- 
signed and supervised the construction of many structures of various types. 
- Since contractors were unfamiliar with this new construction ‘material, his 
_ work also involved, in most cases, preparing an estimate of the cost of the struc- 
ture as designed. In addition to this work, in cooperation with other members 
‘ped the company, he prepared ‘numerous for distribution, con- 


bridges, culverts, viaducts, factories, and ‘other buildings, 
footings, foundations, retaining walls, abutments, ‘reservoirs, sewers, conduits, 

tanks, grain bins, coal pockets, etc. or a year he engineer on construc- 

- tion of various reinforced concrete structures, including the eight-story Date ; 
Building i in St. Louis. In In 1908, during the of his ‘service with 


ers at Mexico City. Baws au! 3 
! In 1909, as the business of the company expanded, he was transferred to 
- Buffalo, N. Y., for the purpose of opening an office and managing the business _ ie 

f the company in that territory. In 1912, when the company moved its head- — 


quarters ‘to Buffalo, he was s returned d to the S St. Louis district as manager. 


a 


_ During the period from October, 1913, to October, 1924, P. D. held a num 
que of assignments on surveying and construction work. From October, 1924, 
until August, 1932, he was employed. by the State Department of 
; Kentucky as bridge designer. At this time the Department of Highways was 
: engaged in a large program of toll bridge construction (financed through the 
of bonds) ¢ as well as highway : and bridge. construction (financed through 
regular highway funds “derived! from | auto licenses and gasoline taxes) 
_ this program, P. D. had direct charge of a squad of designers and reel 
men, engaged in design and Preparation of Plans. Some of the larger bridges 
Se designed under his direct supervision were the bridge « over the Green River r : ae 
q at Spottsville, Ky., on U. S. route No. 60; the bridge across Cumberland River vee 
at Burnside, Ky. on ‘Uz 8. - Toute No. 25 ; and the bridges across Kentucky pt 
- River at Boonesboro, Ky., and Tyrone, Ky. _ In addition, he had immediate 
ga charge of the preparation of standards for the design and details of steel truss 
eh In 1982 he left the Department of Highways to engage in private engi- 
seated | neering practice and to direct Civil Works Administration in Bureau County. 


=n 7 3 He continued i in t this work until J une, 1935, when he was s again employed by 
“at 
3 P. D. was a member of the e Illinois Society of Engineers. In ‘Tilinois he 
was as Structural in Kentucky as Profes- 
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at _ P. D. was quite active in the Masonic Lodge in Frankfort, Ky., and served 3 7. 


“ad 
that organization | as s Worshipful | Master for two terms. He was deacon in 


“throughout his life, he always identified himself with the church of the 


‘munity in 1 which he resided, at various times as trustee and « congre- 


interested, ina a mild way he ‘collected. ‘stamps and accumulated a very ‘inter 


and studied bird life considerably. He was keenly ‘interested in all new de- 
velopments in farming and in livestock raising. In addition to engineering 
oi ss 4 magazines, he subscribed to a number of farm magazines and kept informed _ 


_ Mr. Gillham was married to Margaret Ellen Palmer at Princeton, on Oc- 
tober 19, 1907. In addition to his widow, he i is survived by three daughters, — a 
Sane ane (Mrs. Arthur Buckle), Nancy (Mrs. Ray Hornbaker), and Mary Gillham; 


i. grandson, Howard Philip Buckle; and a half sister, Eva Gillham (Mrs. 4 


Be P. D. was a home- loving , man, happiest when his three girls were with a ; 


ae hin, His home life was beautiful, and his gentleness and counsel meant much 
to his family, friends, and engineering g associates. Rey 


i 
Mr Gillham was elected a Junior of the ‘Rideetoniad Society of Civil Engi- 

CARLETON GREENE, M. Am. Soc. C. 


Saaee Carleton Greene was born in | New York, N. Y., on October 24, 1868, He 


the son of George Sears Greene, Jr.,? M. Am. Soe. OC. and Moody 
Greene, and grandson of George Sears Greene,* Past-President and 
Hon. M. Am. Soc. OC. E., Major General, U. S. Army, who so successfully 


a defended the left flank of the Federal Army at Gettysburg, Pa. Both Chrous 


“his father and mother, he was di descended from early seventeenth century 
1 Memoir prepared by Chandler Davis, M. Am. Soc. C. 
For memoir, see Transactions, Am. Soc. C. E., Vol. 88 (1925), p, 1892. 
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as memoir, ébid., Vol. XLIX, December, 1902, p. 3385. 
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of Bachelor of Arts in 1889.  fellowing two years studied at 
University, Ithaca, N. Y., receiving the degree « of Civil Engineer in 1891. 


* Department and as special apprentice in the Altoona (Pa.) shops 0 the 


‘In 1893 “Mr. Greene joined the Barber ‘Asphalt Company’ as 


and later became superintendent of machinery. a In 1807 he was transferred 
: to to the company’s ] plant in ‘Trinidad, B. W. I, of which he eventually became 


Ih 1900 he left the Barber Asphalt Company and revived the firm of 


- his father, specializing in piers, , sheds, quay walls, and harbor improvements 


Besides, his ‘consulting work Carleton Greene engineer with 


oe and ‘Triest, and consulting engineer with Holbrook, Cabot and Rollins, 
and the American ‘Shipbuilding Corporation, Hog | Island, Pa., during World 
In 1911 he was resident engineer, New York State Barge Canal, at Sche- 
fi nectady, N. Y., in charge of the construction of five | dams and four docks. 


_ Upon completion of this work he was division engineer of the New York State 


; - Barge Canal Office in charge of the designing and construction of the New 


ork City terminals. Later he continued his work as a consulting 
in New York City, specializing 3 in maritime 
He ‘retired eventually, seeking a well: earned rest. 


years he was interested in, , and. devoted time to, the Boy Scouts 
He published a valuable book on wharfs and piers, particularly stressing si 
conditions such as are encountered in New York Harbor. was Commis- 
sioner of the  awsmt Warden of the Episcopal Church of the Holy Com- 
-Mmunion in South Orange, N. J., and Vice President of | the Borden. Mining 
« Company. - He was a member of the Century Association < of New York City; 
and a member of the Board of Missions and Church Extension of the Diocese aa 
ee esr Carleton Greene was elected an Associate Member of the American Society 
p of Civil Engineers on March 8, 1897, and a Member on March 2, 1915. ii} He 
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of John and Margaret (Kelly) Griffin. His parents were in 
and were married there. His father was 1 foreign correspondent for a news- 
paper and then studied medicine, becoming a ‘practicing physician. He 
sao _ Commissioner of Health of the City of Brooklyn and, subsequently, after the 
BN ‘creation ( . of Greater New York, Superintendent ¢ of Schools fort the Borough of 
; *% Dr. Griffin performed outstanding work in the control of contagion 


engineering activities were in connection with the of the 
= supply for Brooklyn and on dock construction for the Bureau of Wall- ag 
: about ‘Improvement of the Department ‘Wo rks. Following this, in in 


on the of sewers in what was later the Borough of Bronx, 
~ 2 York, N. Y. He remained with that Borough until 1901, when he wm 
by the Borough of Queens, New York, N. Y., on the construction 
of the Elmhurst Sewage Disposal Plant, St. Nicholas Avenue-Interborough 
Sewer, and other sewers. In July, 1907, he returned to Brooklyn as engineer KiB 

of construction for the Bureau of Sewers, remaining until 1918 when he be- 

- eame Chief Engineer of Sewers. _ He continued in this capacity until 1934, 
when he was app inted Chief Engineer of Highways and Sewers. 

Bis During his connection with the Borough of Brooklyn, Mr. Griffin was in 

BS res of the construction of some of the largest sewers ever built. Under his 
_ supervision, many sewage pumping plants and sewage disposal works were 
constructed, and were ucted in the Twenty- Sixth Ward Dis- 


resulted in the ef processes later accepted as standard, ‘ 
ao The possessor of a strong and engaging personality, Mr. . Griffin’ was: the ra 
friend of many men prominent in the professional engineering and judicial 
_ worlds. Although he was modest to a marked degree, he had a keen and search- 

3 pani nish- American an W War and a ef 
1901 at Brooklyn, he was to Edith Miller Porter, died in 
1923. ‘He is survived by three daughters: Claire Griffin Griffin, 
ie ae and Janice » Griffin (Mrs. J oseph James F itzgerald); and by two grandsons, a 
Arthur Griffin Fitzgerald and Dennis Patrick Fitzgerald. 
ee ae Griffin. was e elected an Associate Member of the American Society of 4 


= Engineers on December 7, 1904, and a Member on October = 10M%:.. 4 
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A humpion tennis player, an accomplished figure and the 


of the highest office open to a civilian” in the U. Engineer 


Claude Irving Grimm was gifted with diverse abilities. 


_It: a, that the name Grimm early should acquire re the prefix 

So, everywhere: from his. birthplace in Towa, to. the io River 

system where he early earned an engineering reputation, to the Pacific North 


west, the site of his crowning achievements he was “Pete” Grimm (of course 


not to his ‘subordinates, at least during office hours). 


nie ‘Like many other distinguished : sons 8 of the United States, Pete was born in 


, Cerro Gordo County, Towa, on Janu- 


His mother  (Henrietta- Cal- 
anaes was one of 1 of the first white settlers i in Cerro Gordo 

3 County. ‘The Grimms were among Clear Lake’s ‘outstanding citizens. ‘His 
father, Col. G. W. Grimm, served on the city council for five terms and held 
_ Since the dark, glassy surface that northern Iowa lakes put « on in winter is 2 


* “too tempting to be ignored, Pete early began to master the intricacies and 


superb balance 1 required for figure skating—an accomplishment 


ae His engineering studies were taken at Iowa State College at Ames, Hoi 
= x which institution he received the 5 degree o of Bachelor of Science in Civil Engi- 
“neering in 1908 and, eight years later, the professional degree of Civil Engineer. 
He was a “Phi | Gam” in ‘college, where, doubtless with the applause of his 
* - fraternity brothers, he became a runner- up in tennis. He carried his tennis 
} winning technique into the Cincinnati (Ohio) field, winning signal honors. — 


my | his profession called him into small communities without tennis facilities, 


2 improved and practiced until a few months before his death. ' 


au aaa : he would organize a tennis club and contrive to get courts built immediately. ez: 


s the S? Soon after his arrival in Portland, Ore., .. in 1933, he was elected director of the 
jicial ngton Tennis Club, an office he held | “at the time of his death, 

more, he won the veterans’ "(older than 45 years) tennis. championship | of Port- 
and and of Oregon whenever the matches were played except in one year. wagers” 
After leaving college : and until midsummer of 1912, , he designed and built 

: oridges for the American Bridge Company at Ambridge, Pa., and other firms. 
i He was 8 progressively dr draftsman, inspector for k for his native county in Towa, chief 
- draftsman with the Metropolitan Bridge Company of New York, N. Y,, ‘and a 
assistant chief engineer, Owego Bridge Company, of Owego, N. 
‘He 1 then spent six months as engineer r of construction on irrigation works a 
Mi ission, Tex.; and a year, with the same > title, on steel construction for W. W. — 


Kratzer and Company of Pittsburgh,Pa. |... 


w J.C. M. Am. Soc. C. B. 
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io River problems of ‘navigation flood control were calling loudly 


4 
a man of his ability. 3 in April, 1914, he entered the employ 
of the U. S. Engineer Department at t Wheeling, W. Va. as designing engineer, 
H transferred to the Cincinnati office, where he r from chief 

soon transfe e Cine ce, ere he rose ef 
= engineer to principal assistant to the division engineer, 
His fifteen years’ experience with the problems of the Ohio a and ‘Misissippi_ rh 
4 ‘ivers was the proving ground of his ability and technique. Many of the dams — «a d 
ae locks along these rivers, that make that system the longest improved in- ae ag 
waterway in the world today, stand ‘as monuments ‘to this Towa boy’ 
ey ‘capacity for sound engineering accomplishments of which his relatives and ‘ay 

No man can live on a technical diet all his days. A lady : 
ee the horizon, romance beckoned, and Pete took “time out” to win the hand» > J 
heart of Mary Elizabeth Wealand, to whom he wa in St. Louis, t 
- oe Mo., on April 20, 1930. Although they had no children of their own, they 3 pf 
undertook to ‘Taise and educate &@ young girl, Violet ‘Schultz, wh who é 


‘ = appointed principal civil engineer of the Pacific Division | Office, T U. 8. Engineer 

Department, a at San Francisco, Calif. One of his 
: ss was acting as consultant on federal and state cooperative investigations 
ay Soe of the w water resources of California, particularly of the Sacramento and San 


‘The so-called “308 Reports”® were then being prepared by the the U. 8. ‘En ce 


Department. The water resources, including power, navigation, , 
-—itrigation potentialities, of all important streams in the United States were 4 ; 
and voluminously reported. In this work Pete had ‘important 


duties. ‘ Since the Pacific > Division included the Pacific Northwest, the Co 


lumbia River system also came under his jurisdiction. on 


Following the completion of these projects extensive navigation, power, 


flood control projects began to take shape. Soon Pete was transferred to 
the D District Engineer Office in in Portland, with the title of head engineer, in 
charge | of the design ‘and construction of Bonneville Dam, which “project he 
Fe ‘ Meanwhile the Northwest Pacific Division had been created, and Pete was: .¢ 

‘over, title and all. in this ¢ capacity he had charge of the design 7 


aa is advisory supervision of construction of the highest earth dam in the world— ; 
‘Mud Mountain on White River, Washington, 425 ft high. also was largely 
it “ght responsible f for planning the Willamette a‘ alley flood cor ntrol, , navigation, ¢ and 


Sy om power project, for which two dams, Fern Ridge and Cottage Grade: have been | 


extracurricular activities he found time to serve on the Power Committee 


vee ee of the Oregon State Planning Board ‘and was a member of the Regional 
Drainage Basin Committee of the Pacific Northwest for the National Re- 


"authorised by House Doe. ‘308, Cong, iat 
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MEMOIR oF ALAN GUTTERIDGE 


became ill, was ‘consultant. to the 
Chief of and operations of the Massena (N. Y.) 
Engineer District, which undertook the preparation of plans for improvement 
_ of the International Section of the St. Lawrence Waterway. In this con- ie 
nection his work, as usual, was outstanding, 
When Maj. Gen. (then Colonel) Thomas M. Robins, M. Am. Soc. 0. E., was — 
division engineer for the Pacific Division and later for the Northwest Pacific 
: a Division, he often remarked that Pete Grimm could find ‘the answer to an an ot 
engineering problem quicker than any one he knew. ) 
The author of a number of technical papers published by the Society, presi- _ 
4 dent of the Oregon Section at the time of his death, and at one time a candi- 
: date for Director from the 12th District ‘(missing election _by y @ very 1 narrow 
margin), he took an active part in Society affairs, — Also, he was a member } of 
the Society of American Military Engineers and contributed frequently to 


Hise 


. Grimm was elected an Associate Member of the American of 


Gordon Gutteridge was born at Australia, on February 
~ 1892, the son of Dr. W. M. Gutteridge. He was the third of four sons, all o 
had marked careers. He was educated at Grammar School 
and received honors i in Physics and Chemistry i in his last year of High School. 
When ‘World War I broke out, he was an “engineering ‘student at Calgary, 
a Canada. He enlisted on August 5, 1914, the day after Great Britain declared — 


Canadian in Regimen 
z He was on garrison duty in Bermuda for nearly a a year thes he was trans-— 
“ferred to Europe, arriving in France on November 1, 1915. He took part in 
_ the Battle of Ypres and the fighting on the Somme from eee hits 15, 1915, 
to October 8, 1916, when he ‘was taken prisoner « of war at Courcellette and held 
bi at Altdamm and Minden camps in Germany. He was released from Germany > 
‘He ‘at once resumed his studies at the ‘Melbourne University and received 
; honors i in electrical engineering, graduating i in 1921 with the degree of Bache- 
He then entered the service of the Melbourne ‘Harbour as 
in March, 1921, and was engaged 01 on civil engineering design one and 


he wtidertook a special postgraduate Gouree ‘at Harvard Univer- 
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MEMO: OF ANDREW HARKNESS HARKNESS | 

Cambridge, Mass., attaining the of Master of Science in 


and Municipal Engineering. In addition, Mr. Gutteridge obtained practical yea 
experience in the ‘design and installation of sewerage works and treatment der 
plants in contact with many leading engineers in the United States of America, 
Canada, Great Britain, France, Germany, and Italy, ets int 
On his return to Australia, he was | appointed chief engineer of the Com- ‘pre 

he ‘monwealth Department of Health, ‘and during his five years with this Au- 


thority, his posts. included: Chairman, Royal Commission on Sanitation 
(1926), Victoria; Royal Commissioner, Brisbane Water Supply (1927); and 
- Qhairman, Commonwealth Conference on Public Health Engineering (1927). 
thy In August, 1928, Mr. Gutteridge decided to enter private practice as a 


- chartered consulting civil engineer and subsequently, : in 1989, he joined forces — 


with Gerald Haskins and Geoffrey Davey, Assoc. M. Am. Soc. C. E., in an ex- © 
panded practice covering all States of the Commonwealth of Australia and 
‘Tasmania. During this period ‘and until his. death, Mr. Gutteridge rendered 
extremely valuable professional service in the water supply and sewerage field 

and w was identified with the design and construction of a vast number of well- 
and executed works throughout the Commonwealth, 


de 
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In recognition of his outstanding ability, he was appointed as the e Engineer- 


ing Member of the Defence Panel—an advisory bo body—aiding the 


wealth Government in all technical matters relating to the design and 
struction of of the heavy program of defense works undertaken during the course 
of this war. var. His death has brought to a close this vital contribution to the 
& | enounity of his land~—juat another example of his loyalty which also found ex- 


Gordon Gutteridge—like all real engineers—was a man of purpose and 

| vision, who subordinated personal interests to the higher development of his 

; oe profession and ‘to the en end that gre great ; natural resources should be developed fer 4 
the betterment of mankind 

3% P< toa Mr. Gutteridge was elected a Member of the American Society of Civil 4 


mes 


ED FE 8 

Ey versity of ‘Toronto, at Toronto, Canada, in 1895 and received | ‘the degree of 
.. he joined the designing staff of the structural department of the Canada 


_ ANDREW HARKNESS HARKNESS, M. Am. Soc. C. Et q 
Andrew Harkness Harkness was graduated in Architecture from the Uni- 
Bachelor of Applied Science in 1897. After three years in an architect's office, 
Memoir prepared by C. R. Young, M. Am. Hoe. yd 
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ears and attaining the Position chief engineer of the | structural 


“practice he continued is 199, partnership with Maj 
Gen. com 8. z Hertzberg, under the firm name > of Harkness and Hertzberg. 


 nedian Bank of the Canadian Pacific Building, the Canada 
Life Building, the Dominion ‘Bank ‘Building, the east block of the Parliament: 
- Buildings, and the Western Hospital, at Toronto; the Sun Life Building and % 
the Canadian Bank of Commerce Building, at Montreal; the Canadian Bank 
Commerce Building and the Confederation ‘Life Building, at Winnipegs 
and the Dominion Parliament Buildings and the Civic Hospital, at Ottawa. 
ih 1935 Mr. Harkness 1 was awarded the Sir John Kennedy Medal by the 


Engineering was upon him by the University of 
tat, He was a past vice- “president of the Engineering Institute of Canada and 
a ‘past- -president of the ‘Ontario Association of Professional Engineers. 


ticularly those of the ) younger men in it, he gave much time and thought to - 


- matters outside the normal responsibilities of his practice. - A kindly reception 


awaited any one who sought his assistance. | 
In Toronto he was known in a very | wide circle as an enthusiastic gardener, J 
having one of the finest i iris gardens i in the district. Every year, hundreds of 
people were welcomed to view his extraordinary ¢ display of r rare varieties. For 


more than twenty ‘years he cultivated this interest to his great ‘peteenal satis- 
faction and to the delight of his friends. Ris pes 


a long. his death at the age of Mr. Harkness 


this time, since 1941 he had been forced to curtail his professional 
Andrew Harkness was born at Iroquois, ‘Ont., Canada, on J an- 
ou uary 31, 1878, the son of Dr. John Harkness and Jane (Graham) Harkness. 
On | September | 26, 1900, he was married to Nell Coulter at ey: fe) He is 


Duff, Mrs. ‘Max Whitby, and ‘Mrs. Frank Jones. Ao it 
ot Mr. Harkness was elected a Member of the. American Society of Civil Engi- "ae 
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¥ Fu inl, fay Russell Hickox was born on April 3, 1865, in Southbury, Conn., the 
ae. ‘elder of two sons of Henry Park and Julia E. (Bradley) Hickox. He attend 

Weng schools in Southbury and New Haven, Conn., and later Yale University also ! 
at New Haven. He was graduated from Sheffield Scientific School at Yale 

a with the degree « of Doctor of Philosophy i in Civil Engineering i in 1886. a 


“5 iy a He chose railroading as the field in which to apply his engineering train- 
ae fe ing, and, going to > Nebraska in J uly, 1886, entered the service of the Bar 


and Quincy Railroad Company) which was extending its lines in Nebraska, 
“northwestern Kansas, Wyoming, and to Billings, Mont. ‘Beginning as chain-— 
man, he advanced rapidly, v until, in February, 1887, he became division engi- 


‘neer on construction. However, he soon was ‘transferred to more important 
a .—_ construction between Alliance, Nebr., and Newcastle, Wyo., on work § 
ae involving 1 tunnel and heavy grading over what i is known as Pine Ridge, Nebr. 4 
Later he 1 was in charge of tracklaying on this line. In February, 1889, 4 a 
. = served as chief of one of the parties on the location of the Black Hills, line — 
From J uly, 1891, to September, 1896, he lived in Deadwood, devoting part 
= a... his time to private engineering practice and part to the Burlington Lines. | 
Thus, he began a career in engineering which he followed with increasing 
success throughout his ‘professional life—spent wholly with the- Burlington 


xt ‘Lines. Even during the years spent at Deadwood, while he was city « engineer 
7s ae and deputy U. S. mineral surveyor, he retained his connection with the rail- 
- road as its resident engineer, , devoting much time to the study of water condi- & 
ea?! Se ag tions, as they affected the railroad, and to the development of methods for their 4 a | 
1906 to 1910, having given up his personal practice, he was suc- 


cossively engineer of maintenance of way of the Wyoming District, road- 
: a ie _ master, and trainmaster on the Sterling Division of the Burlington Lines. In q 
1 so aay this connection, he had further opportunity for study of hydraulic conditions 3 re. 
and their effects upon the railroad’s properties. work 


. = 1910 he was transferred to Lincoln, Nebr., gs principal s assistant 
for that part of the Burlington Lines west of the Missouri 


> EB. 
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Lor treatment Of natural water supplies requiring ch 7 
plants. In this capacity, he developed plans and installed wate 
plants at many points on the railroad with such pronounced success that the 
embodied in the plants he designed and the chemicals he used for 
water treatment were generally adopted by the railroad, and their use was 
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that of water treatment for steaming purposes. Tine a 
Because of these successes he was transferred to Chicago, in 1924, with 
the title of System Hydraulic Engineer, which position he filled until his 
= retirement in 1935. During this time, he had full charge. of water-treatment 
‘plants; and be saw their use expanded over the entire system. In addition, 


he acted as engineering adviser to. the Legal Department of the Burlington 
on the preparation and presentation of evidence for condemnation 


"proceedings instituted by the War ee in connection with the build- 


ing of dams on the Upper Mississippi River. 


ollowing his retirement in 1935, he continued n “capaci ity of 

sultant on hydraulics for the Burlington Lines, as well for ‘the 

Northern ‘Railway Company, the Pacific Railroad Company, and 

St. Louis- San Fr rancisco Railway Company. Xp 

Those who enjoyed close association with Mr. Hickox were 
his sterling character. Without exaggeration, it may be said that he never re 


deliberately ‘did an “unfair or unjust thing in his whole life. He was meticu- 
3 Tous in the performance « of his own duties and ay po and expe: pected a Tike 


quality of sternness, bu but he was 3 80 absoluetly fair that ins ree) 
and admiration of all with who he came in contact. ‘He was a congenial, in- 


: 2 teresting, and loyal companion, ever ready with | a good story, a true lover of 
These qualities, combined ‘most. and studious mind an 
4 sagacity, especially qualified him for investigation and 
ticularly of new problems. He enjoyed intellectual effort and, when he had 


solved a technical problem to his own satisfaction, he y ; a 


peat Mr. Hickox was a direct descendant of William Hickod 


America in 1640, twenty years after the landing of the settled 
in Farmington, Conn., being one of the ‘original proprietors of the town. 


Throughout the succeeding years the Hickock Hickox) family has been 


characterized by its industry, loyalty, patriotism, and ability to lead. Various 
members of it have been outstanding as soldiers, clergymen, and scholar 
1895 Mr. Hickox was married to Minnie Harding of Deadwood, 


3 


worthy charities. Always loyal to his alma mater, he was active in Yale 


alumni activities until his death. _ Mr. Hickox belonged to the Masonic Lodge, oe 
“as to such organizations a ‘as American Railway Engineering Associa- 


Western Society of Engineers, and Chicago Engineers’ 


"Mr. Hickox was elected a Member of the American Society of Civil Engi- — 
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MEMOR OF JOHN MIFFLIN HOOD, ; 


John ‘Mifflin Hood, Jr., was born in Baltimore, Md., on March 18, 1880, 
ee “the son of John Mifflin and Florence Eloise (Haden) Hood. His first Ameri- - 
| paternal ancestor sailed from ‘Bridport, England, in 1668 and settled in 
* ei gt on the Patapsco River. He named his large tract of land Hood’s q 


Haven and built Hood’s Mill. His descendants have served with distinction 
as aS oe in all of the wars 8 since his } day, besides gaining eminence a as s doctors, ministers, 


and civil engineers. ‘They were beloved for their genial manners and their — 


interest in the public welfare. The City of Baltimore erected a statue ie 
4 i Mifflin Hood, Sr., in honor of his long an and faithful service as president 
the Western Maryland Railway Company. The. city. had invested large 


1G 
sums in this company, and he “developed it into a successful venture that 


brought | trade and prosperity to the city and the state. _ The | money derived — 

from its sale rebuilt the - business section of Baltimore after the conflagration 


yi 


Mittin Hood, J r., Was educated in the public schools and City Col- 


lege | of Baltimore, attended the e Massachusetts Institute ‘of Technology ine 
~ Boston, Mass., and was graduated as a civil engineer from Princeton Unie 
in Princeton, in 1901, He then the service of the 


a, a nd was enga aged 
chiefly in designing complicated yard track between the Spring 


and the Schuylkill Rive, 


aad His next work was on an engineering ‘corre. ai oa Baltimore and Ohio 
Railroad Company west of Pittsburgh, Pa., in connection with the location — 
of a new line for that company. | _ Then he: ‘went to the State of ‘Mississippi 
= became transitman for an important line west from Hattiesburg | to. con- 


-nect the Queen and Crescent Railroad with the Illinois Central. Railroad. 
‘When this work was ‘completed, he became associated with the Missouri Pa 


‘Tenn., and New Orleans, La. He was in charge of the construction 


ae Upon the termination of this work, he was offered the position 0 of assistant | 

chief engineer of the -Atlanta- Birmingham extension of the ‘Seaboard 
Line Railway i in Georgia, but chose instead the position of resident engineer | 


returning to Baltimore he and the late Charles 
Am. Soc. E., formed the engineering firm of Vandevanter and Hood. 
that time Mr. Hood’s father was s president of the United Railways and Electric 
_ Company of Baltimore, and the son became principal | assistant engineer - and 
; ee then engineer of way of the city’s street-car system. — He was in direct charge “ 
ee the construction of the North Point extension to Bay Shore Park, and — 
Memoir by Miss W. Hood, Baltimore, Md. 
. Vol. 99 (19384), p. 1539. 
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handled the various ieuaeneee matters in ‘connection’ with the building of P 
that summer resort on the shore of Chesapeake Bay. He Set 


es. ~ construction of the Roland Park and Saint Paul Street Boulevard line and 


g besides having direct supervision over the reconstruction and maintenance of 
_ the existing tracks of the entire system. — . He introduced a new welding process 


- for joining rails, which protected the eyes of the workmen from the white . 
By 1909 he had of and 


i on the: Board of Directors in 1 1909. and became secretary of eouspany-in 
1911. He rose to the position of second vice-president and then first vice- 
a president. In 1914 he was elected president of the company and held that 
office until he retired from business in 1923. uid Wari ; vid 
; oy While i in the service of the Crown Cork and Seal Company, | he enlarged th 


Mexico, and several European countries. When the World War in "1914 in- 
- terfered with shipments of. cork from Spain, he chartered a special vessel, 
Pa Ruby, which carried cotton from the Southern States to keep the Spanish : 


a cotton mills running and returned with cork to feed the home factories. The 


‘Spanish factory supplied cork wool to the American Expeditionary Forces at a 
- Cobleng, Germany, while part of the Baltimore factory made munitions for _ 


“Mr. Hood was a member of the Prasbyterian Church, but was in 


and tolerant of every one else’s faith and addressed various groups. He gave ~ 


. large sums to the A American Bible Society to send the Bible. around the world. 
He kept in touch with the latest developments in science and industry, 


25 watched with “keen | interest the actual polishing of the 200-1 -in. mirror 


for Mount Palomar in California He gave interesting talks on his: Bg 
- travels over the five continents and the seven seas— 


from Banff to Bali, from Nikko to Karnak, from Peking to 
owt Fiji, from Capri to Canberra, from the Isles of the Tnland Sea to the 
_ Sahara Desert, from the Vale of Kashmir through the Khyber Pass to 
Site _ Afghanistan, from the Taj Mahal to the Pyramids, from the Waiotomo 
4 Glowworm Cave of New Zealand to Rio de J aneiro, from the tomb of 
: Lenin to a personal interview with Haile Selassie in Jerusalem.” 
ed ‘iw to 2 ANGIE: ont ail 
ain! He spent many winters in Los Angeles, . Calif, where he had a host of 
friends, one of whom thus described him in the publication of a club of which 


 “Qaptain of industry, inspiring analyst, _ and beloved friend John 
_ Mifflin Hood Junior, forceful, efficient, creative, is a man who preemi 
_nently knows how to live, a gentleman, a man of ie word,. a man who 
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has kept faith according to the highest traditions of 

pies anid creed, of his house and name,—rarely does does one have | so warm a ORS. = 


so dee 8 


1911 Mr. Hood ¥ wrote the st story, of his father’s life, entitled “Memoirs 
J obn Hood, His Life and Works.” He himself was 


of the inventor ‘William Painter. They four children: J ohh 
Mifflin Hood III, who was drowned at the age of 8; Ethel Painter, a sculp- 
; Sie tress; Mary Caroline, who married Charles Franklin Mohr and has a son and i 
ih a daughter ; and John, who became his father’s constant companion in all his 
travels. In addition to his three children, Mr. Hood is “survived by three 


sisters, Eloise (wife of Robert A. Cummings, M. Am. Soc. ©. y, Alice Wy 


S Mabel H. (Mrs. F. M. Ridley), and a brother, Richard Haden Hood, Mw 
ae o m. Soc. 0. E. An invalid sister Florence Mifflin Hood was @ | 


Mr. Hood was a Ju unior of the American wor of Civil Bagincers 
ay 31, 1904; 


CHAMBERLAIN HUTCHINS, M. Am. Soc. C. 


; 


Saye Jere Chamberlain Hutchins S was born on October 18, 1851, on the family " 

es asa: plantation on the Louisiana side of the Mississippi PetELy not far from Natchez, — 

re Bar Miss. His father was Anthony White Hutchins, a planter and native of 
Natchez. His paternal grandfather, John ‘Hutchins, also” a ‘plantation 


Al 


Natchez. His mother was Bedford Springs, Pa., daughter 
Se of Jeremiah Chamberlain, a Presbyterian minister. The maternal grand- 
s father of Jere Hutchins (a grandson of Col. J ames Chamberlain, who was an 


officer under Washington in ‘the | Revolutionary War) was’ from 

nee He was named after his maternal grandfather, Jeremiah, but the last two 
syllables of his name were omitted, his na name ¥ pronounced “J erry.” ‘His 


—. father, Anthony Hietchim, whose plantation was located in a district of rich 


ee - When | he was a mere infant, his father chartered a . steamboat o on which he 4 
oo 4 ment his family and slaves, household effects, horses, and cattle, to Lexing- 
a 2a ton, Mo., in the hope that t the cooler climate r might benefit J ere’s m mother’s fail- | 

feopie, He was but ten years old when the Civil War broke —_s and he was much = 
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he experienced the agonies of the reconstruction days. J the 
public: schools and, through the guidance of his ‘mother, was a fair student. ft 
‘The war had ravaged the sources of farm income, and his father became in- 
volved in debt, thereby losing his farm. Jere worked during summer -vaca- 
on n neighboring farms, and his small wages to ‘the family 


the age of ‘nineteen, ad ‘to go into a lawyer's office and 
study law. However, he met a railroad contractor, who prevailed upon him 

to join his organization—then starting construction on a railroad running © 
south from Lexington. . Thus he began his career in civil engineering as ax- 
“man, i in the rapidly developing field of railroad construction during the fron- 
tier days when the Atlantic and Pacific coasts were being drawn closer to- 
. % His first real job was on road construction for the Great Lakes, Lexing- 
eS: ‘nied Mexican Gulf Railroad. Next, he supervised the building of eribs 
2 and placing of riprap—in order to protect, the piers and approaches of the 
; bridges: against abrasion and the high currents of the Arizona and Canadian 
_ rivers—along the line of the Missouri, Kansas and Texas Railroad. eb Tobe 
Although | he would have been able to obtain further construction work 


on a line connecting Waxahachie, Tex., with the ington Central 


. quiring a pony, equipment, and clot: 23 from a cowboy. _ He then became em- a 
_ ployed on a range and ranch where it was soon discovered he could ride the - 

- range, bust a bronco, rope and brand a maverick, and shoot a gun. Unlike the — 
Texas Rangers, however, he would drink no whiskey. ‘doves doing 


lal ere soon realized that this occupation was getting him nowhere, so six 


es ‘months later he was off on a long: ride to Waco, Tex. Arriving sy at the 


. writer and finally eer Jere vires much in the newspaper business dur- 
ing the five years he was with the Waco Examiner. Texas newspaper editors 
to gunfire whenever attacked by rival editors or 


ried he welsited any ‘settlement. of grievances by iva editors o or 
: = subscribers by his nett of manner and his absolute fearlessness in the face 


oof an n opponent’s ‘threats. These traits of character served him in good stead 4 


weal th. 


he newspapers in Detroit, Mich. 


880 Mr. Hutchins w was “married, to Anna Brooks, 0 


asmuch ff After J ere had from the Wae 


esionists until he was appointed superintendent of roadway on all 


_lines of railroad being built by R. T. Wilson of Ne ew York, N. Y., between New 
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La, Memphis, Tenn., in the interests of the Southern Pacific 

Railroad Company, then being promoted by the late C. P. Huntington, F. Am. 
Soe. 0. For thirteen years he was associated with R. T. Wilson on 


of railroads in this section of the United States. 
In 1894, Mr. Wilson Mr. Hutchins to meet him 


Bee 3s of Detroit. Mr. | Hutchins was offered the vice-presidency of the road at a 


a salary so much in excess of that he was receiving that he could not refuse the 
om ¥ offer. From this beginning he ultimately became the operating head of the — = 


‘largest, street railway in the world. The day he arrived in Detroit, 


Street Railway, which operated eighty miles of horse- cars in n the City 


a protest against ten- n-cent t fare t ‘that 1 was charged although the 
city: fare was only five cents. Mr. Hutchins met the representatives of the 4 
«Vill illage Council and promised to meet the Council in a spirit of fair + adjust- 


ment. The tracks were restored and traffic resumed without any further 


7 M: 4: molestation by the public. Thus he started his career in Detroit. Many 
a ee more difficulties were to arise to make his new career one of the most trouble- 
ss gome that ever beset a street railroad executive in the United States, porta — 


The Detroit Citizens Street Railway promised to install a first- class elec- 
s tele system on all its lines, provided the city would grant it a thirty-) year 4 
franchise with five-cent fares as the minimum. ‘The reply of the Hon. Hazen x 
Pingree, then Mayor of Detroit, was to grant franchise rights to orer a mabe 


~ 


q 


and Edward W. Moore, on the of fare. "Detroit was the 
. : Ey _ first city to have a street railroad system operating for less than a five-cent co 
This syndicate was incorporated under the name of The Detroit Electric Com: 
pany. Mr. Hutchins o countered this action | by ‘electrifying the horse-car lines 
Z =, i and later reducing fares to three cents at all hours of the day or night, The Ss x 
a a a rival company charged four cents after 11 p. m. _ Finally the two systems were q : 


= 


hi ta The railway system of Detroit increased from eighty miles of horse-drawn ‘a 
‘railway in 1899 | to 800 miles o of electric Toads in 1909. ih 1899 ‘more | than 


40,000,000 passengers were handled by the street railway ‘companies; ; whereas, 
i in 1909, 175,000,000 people were carried by the D.U.R—yet the opposition a 


Bass of politicians and the press rapidly increased and municipal ownership was 
“a ese ‘Mr. Hutchins was offered the presidency of one of the greatest system of 


a oC “street railroads 1 in the world, but before anything was said about the compen- — q 
2 “ , a sa ation to be, given him, he refused the offer, for the reason that he preferred to 7 
we in Detroit ax among his family, friends, and business associates. 4 iF 

_ Mrs. Hutchins died in January, 1900. For ‘some months, as if by common 
consent, all criticism of his railroad « company * was avoided by y press at and public q 


: 
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m service. 
There was but one appeal from his decision and that was sustained. lo sitibs 
> aie ‘Hutchins endeared himself to the employees of his railroad company 
their morale was excellent. Whenever | a conductor was. accused of fail 
: 2 ing to turn in all his collection of fares, Mr. Hutchins personally handled the 
case, As a result the man was shown that honesty was the best policy and in 
 . several instances was retained in service on probation, and in no case was Mr. oe 
‘Hutchins’ confidence i in the repentance of the accused violated. ~~ 
- There was held in Detroit the annual convention of the Ameriep. Street x 
ailway Association attended by delegates from nearly all the cities of the 
‘United States and Canada, and also some of the larger cities of South , America, 
_ Mr, Hutchins was elected to the presidency of this Association. 
- On June 12, 1903, Mr. ‘Hutchins was married to Sarah Russel, daughter ot 
~ George B. Russel, M.D. . She had four brothers and one sister, to whom were 
born a total of twenty-one children, whom “Uncle Jere” (as he was universally xi 
- ealled by friends and family alike) adopted as his own family. Mr. Hutchins : 
was most hospitable and ‘enjoyed e en ntertaining his family frequently. He 
had a magnetic personality and loved people—especially his _newly-acquired 5 
a relatives. He seldom missed a luncheon at his favorite club, of which, at the c= 
ime of his’ death, he was the oldest living 1g member. Since he was a ‘fluent 
‘talker and possessed sparkling wit, he was called upon many times ‘to speak 
Be at luncheons and dinners given in Detroit i in honor of some event or distin- 
‘guished visitor. He was a professional baseball fanatic, and, during the sum- 
‘ q mer of his ninetieth year, he seldom missed seeing the “Detroit Tigers” play in 
Detroit against the visiting teams of the American League. bad 
‘ On May 81, 1916, Mr. . Hutchins tender ed his resignation as as president and 
‘ general manager of the D.U.R.—a great surprise to the directors. With great or 
reluctance they accepted it, appointing him chairman of the board, with a 
compensation equal to his salary as president. In this w: way, the company could 


ree ownership of street railways was the of all politicians 
oie office in in | the administration of Detroit’s civie affairs, from the mayor 


Pointe, Detroit, and ran Club. % He belonged to» ‘several ‘ 
Masonic Orders in Detroit and Waco. He was a director of several banking = 
institutions and a president of ‘Woodlawn Cemetery Association. He was 

Bat In 1940, a year after the death of his second wife, Mr. Hutchins was in 

P duced by some of his family and friends to write a story of his life. _ Since no 


4 children had been born to him i in either of his two marriages, it was thought 
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1808 _ MEMOIR OF CLARK ELLSWORTH “JACOBY 


age autobiography be source e of consolation to his lonelin ness. 


and to his host of friends. The book contains an introduction written by 
7 De editor of the Detroit Free Press, Malcolm W. Bingay, in which he ps pays Mr. = . 
eee « sat was not their inherent hatred for the D.U.R. is best shown by the person- — 
ae Raley ality of the author of this book, Mr. Jere C. Hutchins. He was then, as 
he is now, one of Detroit’s best loved citizens. Never did any politician BS 
or newspaper say one personal word against Mr. Hutchins, = | 
rade “We of the press, the reporters on the firing line, grew to understand | 
sid and have a deep affection for the scholarly, courtly gentleman who presided ~ 
at ‘Number ad Woodward Avenue. His ready wit and glowing good 4q 


‘Me. Bhutchins was elected an Associate Member of the American 


a ‘of Civil Enginests on March 2, 1898, and a Member on April 4, 1900. Tans: 
CLARK ELLSWORTH JACOBY, M. Ar Am. Soe. C. 


ee 
| 
| 
Bre 


Clark E. J acoby was born i in Iola, Kans. February 11, 1880, son of Miles" 4 
P. and Elizabeth Od acoby. He received his early school training in the 
= public schools of that city, and was graduated from the Iola High School. 
After attending Lane University at Lecompton, Kans., he entered the Univer- 
4 sity of Kansas, at Lawrence, Kans., : receiving the degree « of Bachelor of Arts 
— sf _ He was a member of the Alpha Tau Omega fraternity, and, in ad- 
. dition, he belonged to the N ational and the Missouri State Societies of the 


aa. On August 18, 1913, he was married to Colberne Riley, of Carrollton, Mo., 8 
+ re a second cousin of Gen. Douglas MacArthur, Commander of the U. S. Armed — ~~ 
Forces in ihe Southern Pacific. ‘Their only child is Ellsworth R. Tacoby, e 


— 


* & SS chosen as the Republican candidate for mayor of Kansas City, Mo., in 1934, 

running a hopeless: race against the wrong Democratic organization in power 

different periods during his professional career, Mr. was quite 

active in various technical society groups including—in addition to. the Ameri- 


—_ Society of Civil Engineers—the American Society for Testing Materials, 4 


on 


2Memoir prepared by a Committee of the Kansas City Section, composed of B. 


Am, Soc. C, B., and V T. W. Ivy, Assoc. Members, Am. Boe 
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*MEMOR OF CLARK ELLSWORTH 


Society Agricalturel Baginesrs; American A 

g neers, The Society of American Military Engineers, Highway Association of rey 
Missouri, The Kansas Engineering Society, and the National ‘Drainage Con- 
gress. He served the latter as president i in Nik bua. 


= Mr. Jacoby was employed on the engineering staff of the Atehison; Topeka and 
_ Santa Fe Railway Company, serving as chainman, rodman, and transitman on 
a location and maintenance surveys. Later, from April to December, 1909, ite : 
he was with the Kansas City Southern Railway Company at Kansas City, mS 
draftsman on design of track layout. jis te ob 
Beginning in April, 1908, as ‘assistant engineer, and later, as chief engi-— 
E neer, he prepared plans and supervised construction for District No. 3, Car- 


roll County, Misscuri, which included 77, acres farm 
d 


in J uly, 1910; this partnership until July, 1915. One of the pioneers 
3 in applying scientific solutions to drainage and flood control problems, Mr. | 


J acoby specialized in this work in ‘Missouri and Kansas. In addition, 


July, 1915, he organized the Clark E. Ja acoby Enginseting Company 
and specialized in drainage and flood control work » serving as chief sor eet 
for organized drainage and levee. districts, corporate towns, and cities. 
" this time he was recognized as a national authority on land reclamation prob- 
: lems. Thousands of acres of ‘swamp and overflowed lands in Missouri, Kan- 


3 sas,  Dlinois, Indiana, Oklahoma, Arkansas, Nebraska, Towa, and Texas have 


“hat Mr. J Jacoby take an active part in the legal proceedings | affecting the or 
ganization of such districts. Attorneys who were associated with the projects 
early recognized his thorough knowledge and understanding of the drainage 
under which the districts were incorporated. He freely consulted with 
attorneys” and advised them o on the legal technicalities involved in drainage 
district organization and the legal procedure affecting the financing of dis- 


t - tricts. As a result of this cooperation, adverse findings by the courts, affect 


ia g such o organizations, were rare. Legal opinions questioning the legality. 0 
bonds, issued by districts organized under the cooperative efforts of Mr. Jacoby 
faa the legal representatives of the district, were practically | unanimous: in 


finding no flaws in the proceedings. Attorneys. with whom ‘he became asso- 


ciated in the t trial of. court cases on drainage and flood control matters 
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to dreinage and flood control engineering, Mr. J was 
recognized as an authority on bank stabilization | and land erosion pro- 


tection. As such he was employed on numerous projects along the Missouri 


and Arkansas rivers, and along many Kansas streams where bank stabilization 
problems were involved. The Kansas City Southern Railroad Company 
aa ae recognized his knowledge on such problems and retained him as a consultant — 
on some of their more difficult river- t-bank erosion problems 


Pe; of investigations which he made during his lifetime was an outstanding one 


written when Mr. J acoby was in industrial engineer Brothers 4 


q 


eat Fora time, he was retained as consulting engineer under the old Ralph © 
Boe Sewer Act on seven of the large suburban sanitary sewer districts in . St. . Louis 
4 
2 a County, Missouri. He also made elaborate investigations and recommenda- a 
- Bs tions to the cities of Ottawa, Kans., Fort Smith, Ark., and Wagoner, Okla. I 
a = we In May, 1935, Mr. Jacoby became associated with the Bureau of Agricul- qi 
ee tural Engineering, Department of Agriculture, as a consultant and inspector 
are for land drainage work being done by Civilian Conservation Corps (OCC) 
Camps located in Missouri and Illinois. In 1938 the Department of Agricul- 
- ture transferred this work from the Bureau of Agricultural Engineering to the 
- Soil Conservation Service, with headquarters in Milwaukee, Wis. Mr. Jacoby | 


assumed charge of the | Soil Conservation Service Drainage | Section, oper-— 


eapacity until his death. During this period he not only assisted in 
practices relating to improved le land-use measures, but also trained many young 4 
ait and inexperienced engineers in the fundamentals of the best drainage practice. 4 
a rt Mr. Jacoby was outstanding in his ability to make friends with every one | 
“4 and was familiarly ka known to many of them si simply as “Jack.” His loyalty to 
these friends was 80 pronounced that none ever forgot him, ‘Untiring | energy 
Bs - application to his work contributed much to the success of the projects % 
ee his many good qualities were an inexhaustible reservoir of dry 
bei humor, a devotion to duty, , and an interest i in the young engineers—many of 
oo - often felt that Mr. J acoby was at times too exacting or specific in his 
_ training methods. _ However, many of them have since entered the armed 


forces of our country and their training under his methods has served hraeeed i 


4: 


‘Tt was his good fortune to be “ Gn harness” until he died. The end came as 
he was leaving his home for his daily tasks. ‘The suddenness of his death was 


could look back upon his with ‘because he had filled his 


eep ship canal construction lor water | 
u, port, harbor, dock, and ware 
tion along Buffalo Bayou, port, | = | 
— 
= 
| 
er 
 & 


ith was 


that he 


niche and his tasks with credit. He left. ‘the world 
Mt 
DAVID CLAYTO HNSON, M. Am. Soc. E. 


David Clayton J ohnson was born in Brooklyn, N. on 24, 18% 
the son of J ohn Albert and Anna Mary @ enkins) J ohnson. a: 


and aide to Washington during the War. He 


David Clayton Johnson was educated at Polytechnic Preparatory Schoolin 
Brooklyn and Stevens Institute of Technology in Hoboken, N. ya from which rs xy 


4 2 he was graduated in 1906 with the degree of Mechanical Engineer. — After 


being graduated from a college, he he was employed first by The Astoria ‘Light, a 
| Heat and Power Company in connection with the construction of that com- — 
pany’s gas He later ‘became assistant engineer to the late H. de B. 


heating plants of important buildings, including fifteen brildines of the New 
York Zoological Society, the Cathedral of St. John the Divine, New ‘York, 
and the Metropolitan Club, Washington, D. C. Also, he designed and super- 
intended the construction of a fire boat and a number ferry boats. 
: ‘engineer for the firm of Humphreys and Miller he m made 1 numerous tests of 
power plants, boilers, engines, and 1 generators, and made important reports, — 5 
a oe Later, as engineer for Kean, Taylor and Company, bankers, he investi- — 
- gated and reported on industrial companies and railroads in connection — 
new financing. He continued in this phase of ‘engineering ‘when he became 


connected, in 1917, with The National City Company, an affiliate 
4 of The National City Bank of New York. _ While with this company, the scope M4 


As manager of the Public ‘Utilities Departmen nt, he investigated important ae 
~ public utility companies, not ; only i in all parts of the United States and in = : 
x but also i in Europe, and negotiated the financing of companies (both eee 
domestic) in amounts aggregating ‘more than a billion dollars. 
Ne Several charts for we ) determination of yields of securities as well as a 


of his activities broadened, particularly the field of investment banking. 
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STER 
‘ani several hundred thousand copies have been sold) were devised by Mr. 
a hnson. Also, he w was, a co-author of “Yields of Bonds and Stocks,” a a widely — 


pes ok: In March, 1927, Mr. Johnson was elected a vice- -president of New Y York 


yes * Steam | Corporation, having been a director f for several years ; and, on Ju uly 2 

ts 1928, he was: made president of the corporation. His career as engineer, 

banker, and public utility. executive is a brilliant record of outstanding abil- 
eee. ity and leadership. jie On “May 24, 1937, he was elected a vice- -president of Con- ; 
. solidated Edison Company of New York, and, on March 21, 1938, he was made BS 


ae a trustee of that company. . While actively managing the affairs of the New 
= York Steam Corporation as its president, Mr. Johnson, as vice-president of 
Consolidated Edison Company, had jurisdiction over its Treasury Depart- 

ane 
(More than one and one-quarter billion dollars of the securities of 
‘a these | companies are owned by the investing public. ) In addition to handling ae 
all financing of these companies, Mr. Ji ohnson was in ‘charge of all securities 


and funds of the companies, including the from the sale 


Company, Consolidated Telegraph and Electrical 
Company, Brooklyn I Edison Company, New York and Queens Electric Light 

and Power Company, and Green Mountain Lake Farms, Inc. He was a 
_ trustee and a member of the investment committee of Bieveds Institute of - 
_ Technology, his alma mater, to which he was deeply and actively loyal. OER 


oO Mr. Johnson is survived | by his widow, the former “Mary Florence Riley; 
one son, David Clayton Johnson, Jr.; his sister, Mrs. William H. Dickie, and = 

te a4 His clubs included the Engineers Club, Union League Club, West Side 
‘Tennis ‘Club, Manhattan Club, Rockefeller Center Luncheon Club, Stevens 
‘Metropolitan Club, University Club of Brooklyn, Bond Club of New York, 
— Westh ampton Beach Country Club, Qu antuck Beach Club, a ind the Nation al 


and a member of the National District Beating 
3 a ye Society of Mechanical Engineers, the Newcomen Society, and the Academy 


bs Mr. Johnson was elected a J unior of the American Society of Civil Engi- 


“neers on September 1, 1908 ; Member on “May 7, 1918 ; and 


FREDERICK ‘HENRY KESTER, M. CE 

‘Henry Kester was born i in Mish. on 5, 
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prepared by C. M. Goodrich, M. Am. Soc. C. 


FREDERICK NRY ESTER 
on his: father’s farm and in the local 
a year he served as apprentice draftsman with The Bucyrus Company in South 
_ Milwaukee, Wis., but left this position to attend the University of Wisconsin, 


in Madison In May, 1907, he the force of The 


= 


company ‘until Tin une 1941, when he retired because of ill health. 

z His formative years as an engineer were passed under the infbacnee’ of Wil 
lard Pope and the late F. OC. McMath,? Members, Am. . Soe. C. E., who launched | 
| and headed The Canadian Bridge Company Limited, and who cherished the old- 
| fashioned but very salutary beliefs that only after many years of varied experi- 

_ ence as a draftsman could an unusually good man become a competent designer, 

and that such a designer should be trained not only to design, but to price the 

4 work, to tender it, and to follow it through the shops and into the field. Such | 

was Mr. Kester’s experience, during which he rose steadily through the ranks, 

"becoming ‘president and general manager in in 1937. The designs which he made 
and the contracts which he secured are eeattened from coast to coast in Canada, 


4 with bridges in Ja amaica, B. W. another with the Ford 

pie In addition to these activities he became, i in 1937, general manager of the 
Canadian. ‘Steel Corporation Limited at Ojibway, Ontario, a and of the Essex % 
- Terminal Railway Company, which serves the industries in the communities 4 


across the river from Detroit, ‘Mich. ‘During the past few years the work of 


‘The Canadian Bridge Company Limited has been extended to include ship ma- De 

chinery, ships, and a considerable establishment fabricating hulls for universal _ 

‘carriers, or small tanks ; and d almost all its r recent work has been for the re 

a nadian or for the American gi government, either directly « or ‘indirectly. 

Uy His interest, both in his work and in his associates, has been keen and un- 

York, , flagging. ‘His own engineering studies never ceased, and after his retirement 
won | letters were . frequently exchanged between him and the writer, largely on the 
os q subjects of the recent advances i in the study of columns, of limit desion. and of | 

various developments in the application, « of elasticity ix in engineering 

During the depression years of the 1930’s, Mr. Kester conducted a 
fresher” course for the college graduates of the ) staff, and for such others as 

could follow the work, which reviewed mathematics through calculus, 

/ 7 with a study of the methods best used in the design of bridges and buildings, — ~ 
= ended with a study of the more commonly useful elastic methods, notably ze 


moment distribution and area 1 moments, including ng elastic ¥ weights. For this 


and included the only adequate treatment of the shear method for ‘trusses—a 


method which came to him through Messrs. Pope and McMath from. Mr, 


ro ee Mr. Kester’s retirement was a source of deep regret to his associates, both 
because of his thorough understanding of the a and the informal and > 


Bor memoir, see Am. Soc. 
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riendly way all discussions. His services were 
ighly by the directors, who insisted that he remain as a consultant. A After his 
retirement he lived in California, but returned for a visit to the companies 
hs had formerly managed. . His: sudden and unexpected death from heart fail- — 
ure occurred during this visit. Those privileged to be associated with him 
will not forget his friendliness or his effective and ready helpfulness. 
He was a lifelong member of the Chure of Richland, and 
a fing 
Society, the Association of of the Province of Ontario, 
_ the American Iron and Steel Institute, the Engineering Institute of Canada, 4 
a the New Zealand Institution of Engineers, the Rotary Club of Windsor, On- 
 tario, the Windsor Chamber of Commerce, and the Essex (Ontario) County 
a Kester took a lively interest in ail ra pastimes of the staff, as shown — 
by the ball ground for the ball team, tennis grounds for the tennis club, and 
an bowling green for the bowling club. He was an active member of the indoor | 
3 league of the ¢ company, and of the. golfleague aswell, 
_ _He leaves a wife, two daughters, Elinor M. (Mrs. E. W. Driedger), and 
Dorothy P. (Mrs. W. R. Stickney), and a a son, W ‘William H. Kester, an engineer 
the employ of the American Bridge Company. wot 
Mr. Kester was elected a Member of the Society of Civil Engi- 
ARTHUR KRAUS, Am. § Soc. C. Cc. E. PAE 


@ 


was wale in York, N. Y. May 1 19, ‘He w was” 
the son of Sigmund and Mary (Breivogel) Krauss pert: 


x - he He | studied engineering at Columbia University in New York City, from 

5 Bae 4 which he was graduated in 1908, with the degree of Civil Engineer. He was 

‘ elected to membership in Sigma Xi and Tau Beta Pi fraternities. “He also 
belonged to the Columbia University Club. | 


' His first engineering position, which he accepted immediately after being 

York City or on computation an nd estimates of quantities, for ‘subway 
a 3 work. He held this position until February, 1909, when he became engineer _ 

; fe with J. Riely Gordon, Architect, of New York. In this capacity he was in- 

charge of engineering work on ‘the structural design, including foundation 

work, for the Elks Club of Manhattan; Elks Club of the Bronx; Bergen County > 
Court House and Bergen County J ail, Hackensack, N. J.; and other cies: 


fares, aggregating about #4, 000,000 in value. Ih n May, 1910, he resigned from _ 
- this firm to accept a position with the Hinkle Iron eee of New York, © 


| 


checking, 


He with department until his death, giving many years 
valuable se service. His career with the Navy ‘Department began as structural 
draftsman in the Public Works Department of the Brooklyn Navy Yard. 3 


a In December, 1916, he | became supervising ' draftsman and chief estimator for. 
department on design and ‘specifications for ‘tra ackwork, 


re 
Division of the Wavy Yard, in of and development of 


sheet- ‘metal, wood- -working, and | Pipe- fitting shops of ‘the yard. 


‘Principal assistant shop superintendent, 81 shouldering the responsibility of pro- 


\ c Division of the Navy Yard; and, in 1941, he took over his last post, 


curing and maintaining machine tools and heavy equi nent. 
: a During the many years that he was ; connected with the Navy Depattinint ; 
he was very popular with his fellow workers. His conscientiousness, sincerity, 
and fine personality made him « a host of friends both i in his professional a and i in my 


_ his social life. In loving tribute to him, the following poem was compo: 


and 


fed Another battle has been lost ich 


In granting. an eternal rest 


” or one who’ s done his share. i! 


_—,s ROBERT LINTON, M. Am. Soe. C. 


Baber appa was born at Hudson, Oh io, on yee 29, 1870, the. son 0 


Robert and Caroline (Doolittle) Linton. After being graduated from -Wash- 


a as structural draftsman and desig 
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Linton was first employed, from 1890 to 1892, th the Pittsbu rgh (Pa) 
Sth civil and mining firm of McKiney and Smith, as an 1 assistant mining engineer, 
tee this Position he carried out various underground and construction assign- 


ments around the coal mines for the next two years. 


: eG In 1896 he joined the R. C. Schmertz Glass Company | of Belle Vernon, Pa. ~ 
assistant manager. Later when this firm was merged with the American 

Window Glass Company, he became a member of the latter organization. 3 

Advancing from chemist to factory superintendent ‘to chief engineer, was q 

ana eo: finally appointed assistant to the chairman of the board of directors. In this 

capacity he operation engineering the company’ ten 


and transportation 

99 a of natural gas for the plants. _ Mr. Linton transferred his interests entirely to 
oe mining in 1906 when he became a partner in the mining and engineering firm 


of Atwater, Linton and Atwater, with offices in New York, N. Y., Duluth, “4 ; 
‘Minn, and Los Angeles, Calif. _ After the termination of this partnership in 


1910, in private ‘consi Iting Practice, ‘maintaining 


i: in New York for the next thirteen years, during which time mine examina- 
_ tion and operational work took him to the principal mining districts of Mex- 

ico, British Columbia, the Yukon, and the United States. He also held im- 
gig pein executive positions, serving as vice-president and general manager a 
of the Sierra Consolidated Mines, Mexico; ; vice-president and managing 4 

‘director of Consolidated Coppermines Corporation, in Kimberly, Nev. and 

; Se from 1918 to 1923, president of the North Butte Mining Company, Butte, e, 
ih 1923 he went to Los Angeles to become vice- -president and general man- i 

r of the Pacific Clay Products s Company. The following twelve 5 years on werd 


‘After 1935, when Mr. Linton : again to led at 
active life and was a successful consultant, specializing in the valuation, de- 
velopment, and operation of mines and industrial properties. . At the same 
at _ time, he continued as a director of the Pacific Clay Products Company. In 
— ‘recognition of his accomplishments, as stated, he was given the honorary de- 
es of Doctor of Science ® by Washington and Jefferson College in 1937, with — 
“Washington and J efferson College is proud of your achievements. 
Sos _ After your studies here and in Germany and Belgium, you became a pio- 
: ay Meer in the glass industry through the introduction of methods of technical 
a he re control which have since become standard. Turning to mining engineer- 
Pe ing you again became noted, in this case for your work with cyaniding E 
_ silver ores and in the standardization of operation in copper mines. More 
‘ z recently you have made engineering contributions to the clay products i in- 


ter or Arts and Doctor of Science), he devoted two yearsto 
4 
g 
i 
5 
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dustry which attracted’ national attention. | 
these accomplishments by the memberships, and offices 
_ you hold or have held in engineering and technical societies in the United — S ry 


- distinctive in the technical journals of this country | as well as Germany, 
France, Italy and Russia. Most important for us here, you have demon- 
strated the power of the liberally educated man in the technical field and 
while maintaining a constant engineering achievement you have 
ai your life and thought with and of 


: Ba A voluminous contributor to technical journals, Mr. Linton was also promi-— 
-nently’ identified with many professional societies. _ A member of the Ameri- 

Ber Institute of Mining and Metallurgical Engineers since 19 , 8 at the time | 
oof his death, he was serving as chairman of the Institute’s Rand Foundation 
Award Committee. He was also a member of the American Society for 
‘Testing Materials, American Ceramics Society, the American A Association for 

the Advancement of Science, and the Mining Club of ‘New York. He was 


a member, and one- pose’ brs ye of the American Mining Congress, a 
‘the: Los Ange 


irely to 
ng firm 
Duluth, 
ship in 


“Tf our current efforts to find and produce needed quantities of mili 
_. tarily vital minerals are successful, : as there is every reason to hope, much > 
noting be owed to. the wisdom, experience, and enthusiasm of such member 
of the mining profession as Robert Linton. His long career as a con 
ae sultant and executive has taken him to nearly every corner of the continent es 
and has brought him into contact with all phases of mineral exploration and — 
ry practical mining. * * * * As a consulting engineer of outstanding reputa-_ 
tion, and in his more immediate capacities as a mining adviser to the 
Metals carve Company and chairman of the Strategic Minerals Sub 
- Committee of the Los Angeles Chamber of Commerce, he is eminently 
- qualified * PRY outline the avenues of assistance which are open to the 
il Among the ok who mourned his death was former President Herbert 


Ean Mr. Linton was married to Margaret | McElveen | of Pittsburgh at Pittsburgh, * 
on November 4, 1896, and is survived by her and a daughter, Eleanor Linton 
of New York. Music and art were his hobbies, and golf, his favorite recrea- 
‘tion. was a member of the Los Angeles Country Club. 
ps Mr. Linton was was elected a Member of the American Bociety. of Civil Engi- 
neers on December 15, 1994. oF told 
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8 Baptosives Engineer, Vol. 20, No. 10, October, 1942, pp. 285-289. 


aniding 
“4 More 


— 
ears to a 
(Pa) 

ization. — 

he we 
In this 

4 
en fac- 

to the 

lanager 
v.; and § 
rs were 7 
roducts, 
— 
— 
ion, dee — 
| 
ngineer-_ 
a 


OF ALBERT KUALI BRICKWOOD 


Ben Albert K. B. Lyman was born in Hamakua, Hawaii, May 5, 1885, the son 

of Rufus and Rebecca (Brickwood) ign and the descendant of a long line 

missionary and distinguished “Alii,” or ‘noble families of Hawaii. His 
grandfather, the Rev. David Beldon Lyman, was one of the Fifth Company, 
New England Congregational Missionaries, that arrived in ‘Hawaii on April 


ae MW 7, 1832, 172 days out of New Bedford, Mass. | The “ ‘Kualii” in Albert Lyman’ 8 


So 


name means “High Chief” 

uA wa Albert Lyman received h his early education i in ‘Hawaii, : and was one of three 4 } 
brothers to be graduated from the U. 8. Military Academy, West Point, | eo 
_ He was graduated fifteenth in a class of 103, on J une 11, 1908, and was com- 
missioned a Second | Lieutenant in the Corps of Engineers. 
2 3 "te His early service included work with the U. S. Engineer Office, Rock Island, | 
= Ii. and with the Isthmian Canal Commission in Panama. Upon his return 
meee from Panama, he was s engaged on short tours of duty i in the Pittsburgh, ‘Pa, ea 


= 


| 

ak 


12, 1912, he was promoted to First Lieutenant, Osten of 
_ November, 1913, to J uly, 1916, he served as First Lieutenant and Captain i in 


the Third E Sngineers , and as s assistant to the department engineer in Hawaii. 
ae Following this tour of duty, he was the assistant to the district engineer at ; 
ee Cincinnati, Ohio, until the outbreak of war in April, 1917. a From April, 1917, 


r, Corps of 1 Engineers, he w was instructor cat engi 


a 
¥ 
— 
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In March, 1918, he was promoted to Lieutenant Colonel, Corps of Engi- 
Ss. Arai, and was ‘assigned as commanding | officer of the 602d 
neers, with duty at Camp A. A. Humphreys, Virginia, and in F rance. He 
4 ay became Colonel, Corps | of Engineers, in October, 1918, and after the signitig 
ite the Armistice, was on duty both as commanding officer of the 325th Engi- ~ 
Gn neers and as instructor at the Engineer School at Camp Humphreys. — Colonel 
= she Lyman was ‘secretary 0! of the ‘Mississippi River Commission from April, 1920, 
ot until February, 1 1922, when he was appointed ‘military attaché in ‘Havana, a 
 Ouba. In February, 1928, he was assigned as chief of the Intelligence Section, 
Se Division, Office, Chief of Engineers, for a short period prior to his | 4 
33 assignment as district engineer in Cincinnati, where he served until J uly, 1926. 
ee From the middle of 1926, until J anuary, 1930, he was chief of the Finance — 


- From early 1930 until January, 1982, 


ta 
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‘ae annua until May, 1940. On leaving Boston, he was assigned to the Hawai- — 
jan Islands, where he ‘served as commanding officer of the Third 


for the ‘Territory of Hawaii. 19) was 


General Lyman con tributed two valuable papers Soc on 
3 an On “August 13, General Lyman died unexpectedly a at the home of his brother- Be: 


in-law in Honolulu. General Lyman is survived by his widow, ‘the eer Mrs. ip 


known as “Queen,” | and his loss is keenly felt by his host of friends in and out 
3 of the service. 1 He was born a soldier and an engineer r of exceptional ability. z 
_ Always kind to his subordinates and loyal to his superiors, his leadership was a 
outstanding. Ne ever sparing himself i in n the duty, he died, as 


“Medal. “His service was distinguished, “as attested’ b the following 


\ ‘honor which a grateful has paid the late Albert K. B. 
4 vein Lyman, brigadier general of the U. S. Army, is an honor in which Hawaii ie ia 
oe “Albert Lyman was a son of Hawaii, a product of the elements and — 
Se forces that make up Hawaii. In his veins flowed the mingled blood of ® 
- ancient Hawaiians and the blood of those who came to Hawaii’ 8 shores as 
AF strangers, remained to help build the modern Hawaii ae ising 
Society, of Civil 


Engineers on December 12, 1938. (5 


ow alter Meier, the son of Henry Meier and Elizabeth C. (Ruebsam) 
Mele. was born in Washington, D. C., on October 11, 1886. His father came to 


on 


of Soils by A. K. Lyman, Civil Engineering, April, 
“Compaction of Soils by Explosives,” by A. K. B. Lyman, Transactions, 
Am. Soc. C. E., Vol. 107 (1942), to 109% 


Honolulu Star Bulletin, November 28, 1942 (editorial). 


Memoir pre gered by Committee the Texas Section of O. Koch ont 
L. R. Ferguson, embers, Am . Soc. C. B., and F. M. Smith, Jr., Assoc. M. Am. Soc. C. E. 
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0 the United States : from Neilen, Switzerland, to work at the Naval ae. q 
é Seep te Washington, D. C., and later taught at Vanderbilt University (Nash- 
. - ville, Tenn.) and at Centre College (Danville, Ky.) before going to the Univer- 
‘Walter was graduated from the Milton Academy at Taneytown, Md. , in 
1901. He then volunteered as an Apprentice Seaman in the U. S. Navy, and, 
the period of his service, he rose to the positions of wal: 
- Gun Captain. He was stationed first aboard the old Monongahela, the last — 
of the sailing ships of the service ; and then saw service for three years aboard = 
ae the Olympia, an old veteran of Siesta: ~ Later, he served aboard the Net ew 
Pes: Jersey, Admiral Dewey’s flagship. He was  honoeably discharged i in 
ie ho From September, 1908, until April, 1910, he attended the University of 
ia Oklahoma (where his father was teaching) as an engineering student, but, 
sll of poor health resulting from a spell of typhoid fever, he was forced . 
to discontinue his school work. During the next he was 
: employed, in various capacities, on railroad and topographic surveys in Texas — 
: Te 3 In August, 1911, he became draftsman for the Pioneer Telephone and Tele- 
a graph Company (later the Southwestern Bell Telephone Company) at Okla- 
See homa City, Okla., and then served as chief draftsman, engineer, and in other | a 


positions. He gained considerable exporience in the design, construction, and 


 fealiittes, In November, 1915, he left this firm to accept a position with the 
<4 Empire Gas and Fuel Company as an engineer in the geological department, +. 
advancing rapidly to other and greater responsibilities. While with 

this company, , he, in collaboration with Calvin T. Moore, prepared a Plane 
Table Manual for ‘Field Geologists. This mam ual was used very, extensively 
E. geologists and geological schools for a number of years. In 1917, he was — 
sent on a special ‘mission to Kentucky and Tennessee to gather data and re- 
te port on < oil and gas production in those states. This assignment, unfortu- 


nately, was cut short in May, 1917, by a call to active duty by the War 


4 ote 

- As First ‘Lieutenant in the 7th U. S. Engineers, Walter H. Meiet arrived i in 
France with the American Expeditionary Forces in March, 1918. “During 
- the next twelve months, h he saw considerable active service and took part in | aS 

number of the major engagements of the World War. ~ He was forced to spend q 
six x weeks it in 1 the hospital a after rated gassed at San Mihiel. . When he returned 
in the 21st Engineers and was honorably “ 


anuary, 1920, Walter accepted a position as 8 engineer for the 


Oil Company i in Dallas, Tex. He was made chief engineer in 


‘oumet deal of his time in helping to develop the oil and gas industry. ihe as 
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of the Petroleum In Institute his ability, 

as appointing him to important posts. _ Among t these were—chairman of the 
s Southwestern District, Division of Production; first chairman of the Central 3 
Committe on District Activities; first chairman of the Standing Committee — 
; on Standardization o: of Rigs and Derricks; chairman, from its formation, of the — 

= - Committee « on Topical Vocational Training; and a member of ‘the Committee 
on Measuring, Sampling and Testing. His work on the application of engi- 

“neering principles and technology in the production of petroleum, a nd the 

_ improvement and standardization of equipment is recognized as most important | rs 


alter Meier was married on “May 24, 1912, to Dorotha N. Hazeltine hh 


is survived by his widow oad eight. children: Mary Louise, Alma 
- Carolyn, Walter Henry, Jr., Dorotha Ester, Ruth Enola, Warren Elliott, John 


He a member of Masonic ‘Delles and 


he came in contact. Always wil groomed, his 
‘th the ; _ together with his’ ever- “present gen uine smile, com mbined to m ake im a} aman 


tment, would like and trust instinctively. His ideals of honesty, 
> with | ‘ess, and integrity won for him the highest regard of all who knew him, is 
‘Plane Walter was vitally interested in his fellowmen. This fact was evidenced . 
many times by his unusual activity in community and civic affairs and by his 
Various technical and engineering society affiliations, as well as by extensive 
work on committees for with which he was associated, One of 
the outstanding connections, ‘of which he was justly proud, was his mem- 
- bership on the original committee of the Dallas Technical Club which brought Sex 
about the establishment of a cooperative plan engineering school a at ‘Southern 
Methodist University in ‘Dallas. , His continuing interest and participation on ~ 
_ thet committee were responsible for the school’s subsequent success in training es 
| technical men in practical cooperation with the industries of this section of ae | 


ere He was a member of the Society of American Military Engineers: presi- 


i dent and director of the Technical Club of Dallas; and past president of both a 
4 “the Texas Section of the Society ‘and the Dallas Branch. | = ‘His untirin; 
Atlantic ; - ties in connection with Society matters are indicated by his active interest in se 
Feb- the welfare of the Student Chapter members and the J uniors rs of tl the Society. 
which Walter Meier was elected an Associate Member of the American Society of 


Civ vil Engineers on December 4, 1922, and a Member on J 18, 1926. 
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in 1708, and he was one of the generation of the family. 
nits 


After being in the public schools of McKeesport from he 
» he entered the Pennsylvania Military College at 
engineering. He w was omnesiBary in June, 1909, with the degree of Bachelor of — 
- Science. The College later honored him with degrees of Bachelor of Science — 
in Military Science in 1924, Master i in Civil Engineering i in 1926, and Doctor 


ee Science in Civil Engineering in 1930. é. While at college he was elected to 


membership i in Delta Tau Beta fraternity. 
es ~ Subsequent to his graduation, he was engaged. for two years. as an instrue- 


mi: te in ‘military | science and civil engineering by his alma mater. ‘Mr. Myers’ 4 

early experience was gained from field and office work on surveys and general : 

projects in connection with farms, estate, mines, and 

electric railways. He began service as a rodman and advanced in grade to 
Mr. Myers joined the staff the Highway Departmen of the 
wealth of Pennsylvania in August, 1911, as chief of party. Later he was 


_ moted to general superintendent and | district engineer, with assignments to 
r "supervise: work in different parts of the State. e He obtained a leave of absence 
from the department in January, 1918, to enter the 


seat wate 
~ 


On his retirement from the Army at the close of ‘World War I, Mr. oP ; 


a 
ii 


ae _-Feturned to his duties with the Pennsylvania Department of Highways. Early 


in 1921, he became engineer of construction for the Bureau of Highways of 


chief of the Bureau of Highways in | February, 1926, and continued in 3 
executive capacity u until January, 1928, on tad 
> has The Hon. Harry A Mackey, then Mayor of the City of Philadelphia, ap : 
te pointed Mr. Myers a member of his cabinet in January, 1928, and placed him _ 
in charge | of the Department of Transit with | the title of director. this > 
- time, the city was engaged i in the construction, and equipment for ‘operation, a 1 
of a comprehensive system of high speed, electrically operated, subway and é 


Be elevated railways. A substantial volume of the work had been completed by 


the former administration. — A lease for the operation of the s system was. nego-- 


‘6 tiated with the Street Railway System and the completed parts of the subway _ 
6 were plated i in operation. Plans and specifications for the remaining sections — 


_ of the system were drawn and contracts let for their construction and | equip- 2 


Memoir | by Charles H. Stevens, Julius Adler, and Wilttem A. “Doherty, 
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Ind anuary, 1932, he opened an office in Phinda ct pa in ous. 


the first and second World Wars. In J anuary, 1918, he ‘entered the 

with the rank of Captain in the Corps of Engineers, and six months later was _ 
promoted to the rank of Major. Hes served i in this country and overseas, where | 
he was District Purchasing Officer for a time, later becoming ‘Assistant Super- 


‘7 _ intendent of Roads for Base Section No. 2, with headquarters at wc a 


Major Myers: was mustered out of service in December, 1918. retained 


proms he supervised the construction of a new cantonment and training | center 
for the Corps of Engineers at Fort Belvoir, Virginia. Later, he was rem 


The scope of Colonel Myers’ activities abroad and the character of the work 
performed by him may not be disclosed at this time, but he served the United 

“States faithfully and with distinction (both a at home and abroad) « as an officer 
in the Corps of Engineers. He died in the performance of duty on J anuary ie 

1943. He was buried with full military honors in the. American: plot of 

Brookwood Cemetery on J anuary 16, 1943, at Woking, Surrey, England. 

Woking is about 22 miles southeast A 

Bx The following is a part of the General Order issued by his Comman in 

General neral under | der date, January 16, 1943 

1. It is with great regret that the death of Colonel ©. E. ‘Myers, C. E., 
7 - Base Section Engineer, on 15 January 1943 is announced. While Colonel q 
Boa. '2 Myers died as the result of an unavoidable automobile accident, yet never- “ a 


7 et’ theless he gave his life for his country in carrying out janpentemt duty.” * 


= Many letters from overseas have been received from hig ank ffi 

of the armies of Great Britain and the United States, testifying to the char- _ by 
fi of his service and expressing sympathy for his death. Colonel Myers ie 
i has been enrolled i in the great army of our noble « dead—that of t 


2 “the precious heritage of liberty that has been handed down to us by our pay 
_ Always interested i in Society affairs, Colonel Myers represented District 4 ¥ 
- on the Board of Direction from 1986 to 1988; he was a member of the Execu- 
Committee and a former chaitman of the Highway Division. took 


part in in the of the and served as Director Ros 


a 
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his military standing as a member of the cers Kteserve Corps and subse-— 
to quently was advanced to the rank of Lieutenant Colonel. 
Colonel Myers was recalled to active service in December, 1940, as a Lieu- 
tenant Colonel and was promoted to the rank of Colonel in May, 1941. 
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4 ond President. ‘ddl the 1926 Annual Convention i in Philadelphia, the Seo | 
; bat tion had a considerable fund remaining, and Colonel Myers was instrumental — ; 
in securing the consent of contributors to the retention of the balance as a 
- Colonel Myers was appointed for two terms on the State Registration Board — 
Professional Engineers by the Governor of the ‘Commonwealth of Penn- 
gylvania, At the time of his death he was president of the Board. He wasan 


honorary member, former vice- president, and of the City Officials 


the American Concrete Institute, the Pennsylvania Society of 
- fessional Engineers, the Engineers Club of Philadelphia, the Union “League 
_ _ His chosen field of activity was highway engineering, although he excelled 
. all the branches of engineering in which he engaged. Colonel Myers pos-— 
sessed outstanding executive re ability and, coupled with this, : an 


 Keenly interested in the encouragement and development of the men 
. _ who were on the threshold of the engineering profession, he was tireless in his 
- efforts i in their b behalf. He was active in the ¢ affairs of E his alma mater, and, 
at one time, he was of its alumni association. on. 
Throughout his professional career, Colonel Myers was steadfast in his 
- convictions and adhered to his conceptions of what he believed to be the right — 
and proper course of procedure. He was loved and esteemed by those 
a _ Were privileged to be associated with him as co-workers and also by those st 


were admitted to the closer and more intimate tie of friendship. 


1925, Colonel Myers was married to Agnes O'Bryan of Philadelphia. 

' ‘Hei is survived by} his wife, a daughter J ane, his mother, and a brother, 
OM Colonel Myers » was elected an Associate Member of the American Society 
ae of, Civil Engineers on January 17, 1921, and a Member on October 1, 1926. ane. 
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ohn a was born at Beech Grove, Mario | County, Ind, ‘on Feb- = 


2, 1872, the son of Charles O. ‘and Sarah (Hayworth) Newlin. 


ri ae repared by L. J. Markwardt, Chf., Div. of Timber Mechanics, and vai E. “Heck 
Engr., U pt. of Agriculture, Forest Service, Madison, Wis. 
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OF JOHN A. NEWLE 
; - ‘Upon the completion of his engineering course, he was employed for four — 
years (1900-1904) as a civil engineer on railroad ‘aide by the Chicago, Indi- ay 
q anapolis, and Louisville Railway and the Pittsburgh, Cincinnati, Chicago, and 
g In 1904 he entered the employ of the U. 8. Forest Service ‘as engineer: 
timber testing. At the time, this work was carried on at La Fayette under the © 
of W. K. Hatt, M. Am. Soc. om E, in cooperation with Purdue 
_ University. - In 1910 he v was ‘placed in charge: of the Section of Timber Mechan 
a ies of the Forest Products Laboratory, U. S. Forest Service, which was es- 


"tablished Lat Madison, Wis., in that year. He held this position until 1938, 


“Imowledge when the Forest Products a greatly: 
panded program of wartime ‘research for the. Army, Navy, and other war i 


‘During his connection with the Forest Service Mr. Newlin made : many 0 out- 


standing contributions to the data on wood properties and their uses. Under 
his guidance a considerable amount of information on strength properties of a 


woods grown in the United States was gathered. He early recognized the im co 2 


y portance of systematic procedure in the testing of timber and played a major 
Z_ ‘tole i in the standardization of such methods. In 1927 he prepared a paper for 


Rs. 


the American Society for Testing Materials on \ the | origin and development of 
. “Tests and Specifications for Timber,” which was presented before the Interna- 

‘tonal Congress for Testing Materials held at Amsterdam, Holland, i in Sep- 
t tember of ‘that: year. The container industry i is indebted to his pioneer work e 
in the development of methods ‘of testing shipping containers and in the 


Rey In 1921 he was appointed by Herbert Hoover, Hon. M. Am. Soe. O. E.; then 


= formulation of specifications for their proper design and construction. =~ 4 
4 Secretary of Commerce, a member of the Building Code Committee of the i 


etic 


Prey He of the committee in 1934. Subsequently he 1 was appointed a esi 
ber of the American Standards Association’s Building Code Correlating Com- 


of Commerce. ‘During and following this period he gave much thought 


‘improving the construction of small dwellings, and, under his direction, a 


prefabricated plywood panels for small house construction 


"developed and patented. patent was assigned to the U. S. ‘Department 
of Agriculture for the | free use of the public. The principles of this con- 


s struction later w were ‘applied to ‘the production | of thousands of prefabricate x 


1ani 
or Mr. New lin’s knowle ge o “mechan anics | ain the pr opertie wood wa 3 


TH 
valuable in connection with aircraft studies ‘during. World War In co- 


.. operation with the National Advisory Committee for Aeronautics he was ie 
- thor of numerous technical reports relating to the design of w 


mittee, the successor to the Building Code Committee « of the Department 
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“MEMOIR oF JOH N A. NEWLIN- 


Products when it began an extensive research prograt m 
nation’s air services early in World War IL 
oe te He originated several formulas for calculating the strength of wooden 
vl members, among the most important of which are the Forest Products Labora- 
ie tory column formula and a new formula for ealculating shear in checked | 
aa wooden beams. These formulas were adopted by timber engineers as standard — 
ie for the design of wood structures. Grading rules and working stresses for 
structural: timbers in use in in the United States v were developed under 


countries in formulating similar rules and stresses for their structural species. 
4 The general adoption of these grading rules and stresses and their inoorporA- 


i ey bership on committees of the American Society for Testing Materials and 1 the 
American Railway Engineering , Association. F rom time to time he lectured 
on the mechanical properties of wood and wood products: in classes of the 
de ; wusks If Mr. Newlin could be said to have an avocation, it was undoubtedly farm-— 
= 4 ing. He not only owned a farm of his own in Indiana but took a keen delight s 
> > _ in recounting his life as a boy on his father’s farm. Quite appropriately, his — 
experiences always ended with some practical application of f mechanics. Many 
of his stories related to early association and work with his father who was an 2 


A alt: _ More than 1 most men Mr. Newlin | was able t to see far into a problem and to 


to draw conclusions ‘that others often would not aoamen until actual substan- | 


was uncanny. I Mr. N ewlin was an internationally authority 
the mechanics. of wood, and his death is an ‘inestimable loss to the ‘members of. 
his profession, to his friends, and to those who were so fortunate as to be 


Among the organizations to which Mr. ‘Newlin belonged were 
- Association for Testing Materials, American Society for Testing Materials, 


. erican | Railway En ngineering Association, and the First Methodist Church © 
On May 1, 1902, at La Fayette, he was married to Anna Ford. ‘His w 
‘and four children, ‘Ruth, Charles Henry, John Dillon, and Benj amin "Vestal, 


Newlin was elected a Member of the of Civil 
neers on May 19, 1924. + 
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2 a — me 78 safe working stresses also have served as a guide to engineers in many foreign = [a 
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@ccomplished woodworker and mechanic a8 Well as iarmer, and Most Ol them 
referred to mechanics or engineering. This background gave him a 
| 
being lost in the details of a problem and to eléminate mentally the insignificant 
| 


__ Matriculating at Le Leland Stanfo a: Sux unior | University, Cali fornia, on n its 


and geology was William an ren Orcutt of Santa Paula, ‘Cali 
foreign” a tall, strongly built, unassuming, earnest, ‘cheerful young man of quie 


species. | demeanor and with a good sense of humor, His ruddy o complexion, oft- -recur- 
corpora- = ring smile, and the bright twinkle i in his eyes were accurate indicators of 1 per- 


’s mem: q fect health and of a kindly good nature that with the j Joy of life 
and the 


Born in Dodge Center, Dodge County, Minn., on ebruary 14, 1868, ‘the a, 


gs of J ohn I Hall Oreutt and Adeline. Marion (Warren) Orcutt, he was de- 


scended through both parents from old Puritan and Virginia stock, some of 


his ancestors having arrived in America on _the Mayflower. ‘His father ‘was, 


born in Michigan and his mother i in Wisconsin, both of pioneer parents. = They x 
were married i in Minnesota in 1868, and moved to Nebraska when William was 
five years old. In 1881 they moved to Ventura County, California, to a tract 


ft 


of land acquired for. horticultural. . purposes. _ Mr. Orcutt, Sr., fought against 
Indians in 1862 with Company M, First Minnesota Mounted Rangers, 


and was a ‘member of ‘Company B, _First Regiment, | “Minnesota ‘Heavy Artil- 


_lery, in e Civil War, being honorably discharged at its the time 
of his death in 1913 he was the oldest “Mason in point of 8 service in Ventura 


County, a most highly - respected citizen, a philanthropist, an au 
‘rom scholastic viewpoint, \ William ‘Warren Orcutt obtained his ‘prepara- 
: tory education. i in the Santa Paula public schools and then in the Santa Paula 
Academy (1887-1891). From a personal and a practical standpoint, 
ever, he had other | and equally important preparation, His careful home an d 
church training to old New England standards, in a. community where like 
; methods prevailed i in the families of his companions, early stimulated his in- 


nate tendencies toward a . dignity, a a quiet - modesty, a scrupulous honesty, and a ue 


tolerance and respect for the rights of others that were gradually to mature, ae 
to characterize all of his dealings i in. later life, and to build | up lasting friend- hed 


streams with cherished boyhood friends early brought him in contact t_ with oil 2 
Seepages, , rock exposures, oil pits, tunnels, and. oil wells that had been under 
exploration and production in that neighborhood since 1865. . _ Like all — 

lads, there was little that he and his chums did not know in their youthful 

way regarding the mechanical | working « of such developments. He. naturally 


B — a strong desire to gain further knowledge of engineering and slo. 
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1618 MEMOIR OF "WARREN ‘OROUTT | 


the coaching of the celebrated Walter Camp and the management of his ase 
mate, Herbert Hoover, Hon. M. Am. Soe. C. E., and earn his “Block S”onthe 
track in 1895, was incidental but was 1 due to his fine physique, : 
ae oe courageous love of a clean contest, and ability to cooperate well with others. = 
ae 4: Ina a physical examination of twelve hundred students he was rated as as “N ul umber - 
aA _ After receiving the degree of Bachelor of Arts in Civil Engineering i in 1895, 
he and AC. Hardison, a civil engineering graduate of the University of Maine, 
in Orono, opened an office in Santa Paula as civil and hydraulic engineers 
and surveyors, with headquarters in the Santa Paula Hardware Building, 
+ which then also housed the main office of the Union Oil Comp pany of Cali- — 
fornia. In 1896 he also became a United States ‘Deputy ‘Surveyor. 


he cy On June 9, 1897, William Warren Orcutt and Mary Logan of Santa Paula 


young Mr. Oreutt. and then Pomona College in Claremont, 


‘3 i trend of th the life of young William Orcutt, first as a boyhood companion yg 
ean of his own 80 son, ‘William L. Stewart, and then in his’ early - engineering work _ 
with land surveying, irrigation development, plant and building design, and 


construction al ‘about Santa Paula. He was satisfied that here was | an ideal young» 


to grow with his own organization, and in 1898 Mr. Orcutt became general 
_ superintendent of the San Joaquin Valley Division of the Union Oil coed 

y. This new employment renewed close “contact: with certain 

fe mae: friends then in the same company and was the beginning of a loyal tiiatiiia 


ar association which, by the honorable, sound, and intelligent methods for which > 


he e had been trained, w was to grow to a large, conservative, and successful oil 
company. “In this company he later was successively chief engineer (1900- 
1917), chief geologist and ‘manager of Land Department (1908-1922), vies 


in charge of Geological and Land ‘departments (1929- 1933), and 
in charge of Development, Production, Geological, 


departments (1933-1939). He also: was a member of the Executive Committee 
Rs: (1908-1989) and a member of the Board of Directors (1908 to April 27, 1942). 


> ee - ‘Tn 1900 he was mapping in the field, surveying for oil pipe lines, and con- 
structing team plants and other necessary installations at ‘Coalinga, Calif. 


| 


‘Se Shortly afterward, he made a reconnaissance survey for a pipe- line route from 
ae the San Joaquin Valley to Port San Luis, Calif., at tidewater on the ocean. 

This survey was for future In 1900 he also” organized a geologic de- 


= 


> 


- partment ‘that is ‘eredited as being the first such department for an ‘operating 
1901, while examining th ‘the brea pits on ‘the Hancock ranch in the neigh- 
borhood of what the Salt ‘Lake oil field in Angeles | 


k= @ wt a 


united in a happy marriage. Mise Logan had attended the Santa Paula 


round out, the many fine of his career. mods 
Lyman Stewart, president of the Union Oil ‘Company, had quietly followed 
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"Californie, he realized the be. an important scientific value to the 


= in the been: Ib his quiet and unassuming way he brought this. to o 

attention of John Merriam of the University of California, in Berkeley, 
_ with the result that the complete skeletons were restored and the knowledge of 

leistocene fauna was greatly enriched. In various museums may be found 

¥ the skeletons of extinct forms, such as saber-toothed tigers, giant ground sloths, 
- bisons, mastodons, camels, and herons and other birds, from these brea traps. ‘ 
b dae token of appreciation, . Professor Merriam and other paleontologists have 

a ppended the name “Orcutti” to the scientific names of several of these fossils. 

. In 1901 and 1902 Mr. Orcutt laid out the oil town for the Santa Maria oil | 

field in Santa Barbara County, California, and installed its water system, 

3 sewer system, oil pipe lines, gas lines, storage tanks, and equipment for loading ae, 

oil at railroad sidings. The oil town was named “Orcutt” by his employers a - 
in appreciation of their genial, competent, and respected engineer. This rec- 
' ognition, coming as it did so early in his association with the company, in- — 


- dicates the esteem in which he was held and how rapidly he was proving his 
‘ In 1908 he laid out and constructed the pipe line from the Santa Maria * : 
il field to Port San Luis. In the Santa Maria oil field his early geological — 
- studies and maps again made it possible to select intelligently the best: oil 


ropertion, and, v when highly productive wells 


in and herein he was a pioneer. He» was shortly r responi- 
- sible for the selection and development of the Lompoe (Calif.) oil field, for the - 4g 
-_ selection of other extensive holdings in in and inter fo Santa Barbara, Los rod i 


earlier development. His ear ymege 3 of the Richfield, Santa Fe Springs, nd 
“other Los Angeles Basin fields indicate his geologic foresight. In his honor — 
(1900- an oil | town in Colorado also has: been named Oreutt. 
. vice- 3 . 5 Traveling on on the job in the earlier days was by buckboard, spring ‘wagon, : 
and on horseback, or on foot, and. he frequently ‘ out.” Although slowet, 4 
‘Land 
mittee a = acts with various oil-field operators and with. ranch o owners rs with whom he took (ee le 
q “his meals or stayed évernight. During his work in the San Joaquin V alley, 
he therefore had an excellent opportunity to. build up a mutual respect and 
: confidence among country landowners, small operators, and his « company. > 
4 the creation of this good will, his own genuine character and affable manner 
were no small factors. Certain of his company associates also assisted in 


this friendly foundation. When, in 1909, approximately 175 
_ oil-producing companies, which composed the Independent Oil ‘nea 
‘ Agency from five San Joaquin Valley fields, desired to improve their marketing 


eondition, the. groundwork of mutual confidence and respect ‘was already ¢ 
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Sisthes scanholion of loyal friendships and in a cooperation that still exists 
- among the few older operators who survive. This group of pioneers was always 


is an example: The decline-curve of oil- ‘as in- 


te 
troduced to the petroleum industry through the Independent Oil Producers — q 


i _ Agency valuation of 1914-1915, was received with enthusiasm. Numerous | 
te technical papers have since been written about it. It stemmed from a decline-— 
j production method as used by Mr. Orcutt early in 1911, At that time two bh 
: a young engineers from San Francisco, Calif., were struggling with a method for 
evaluating the Union Oil Company properties. Mr. Orcutt realized their pre- 
dicament and kindly showed them his method for a valuation that he chanced 
es to be making on a small property. The writer happened to be one of those two 
engineers through whom ‘Mr. Oreutt’s method was later to 


ry 


with the fundamentals of this method not been and he was 
s too generous and broad- minded to be concerned i in any way as to its use, other | 


eB 
financial and all other business phases of the large ‘oil business, in. 1 which his 


analytic and experienced engineering mind was of inestimable value. This 
_ ability, combined with his human qu ualities, respect for the o rdinary man, and 


In 1926, in recognition of his services to the geological profession, the 

pis "American Association of Petroleum Geologists conferred upon Mr. Orcutt an = 
honorary membership in their organization. His was one of the first of such 
fo in that , association, and he shared this initial honor with four q 


other outstanding pioneers in the geological profession: Robert T. Hill, George | 


gl Aas time went on and one by one his cherished California oil pioneer friends 


oe and associates passed on, Mr. Orcutt became the prime mover in, and organizer 


Otis Smith, David White, and I. O. White. of 


’ “of, the pioneers Petroleum Society of California and was its only president dur- 
2 te his lifetime. The ‘object of the : society is to perpetuate the memory of the q 
pioneer oil men through whose vision, courage, and labor the oil industry of 
33 California was developed; to establish a museum for the preservation of early 
relics and of memorabilia “regarding the development of oil in 
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Calif., the site of | the plant that refined the early. oil in n the 
_ ‘Newhall district, where the growing commercial oil business of California was a 


per in the acquisition for a hobby of several ranches, which 


a and Mrs. Orcutt devoted to citriculture and to the : raising of purebred Here- 
ford cattle. He managed his own with the aid of his was 


ducers. As another egmnenlt his boyhood fondness for hunting and fishing was 

a pleasure that remained with h him through life. (ard by silaw 
and Mrs. ‘Oreutt were’ blessed with two “children, Gertrude Logan 
Orcutt and ohn Orcutt. Gertrude was married to Secondo 


_ of New York, N. Y, John was married to Alice Marion Pedersen ond has two 

children, “William Logan Orcutt and Marshall Logan Orcutt. During the 
‘early 1920's, Mr. and Mrs. Orcutt, Sr. built a beautiful home. at Rancho 
a. Sombra del Roble, Canoga Park, SHE, where they might enjoy these grand- : 


California.” In World War T he was in the e Engineering Corps, ‘and 
in World War II he was chairman 
District No. 176 from 1940 until his death: 
hg In addition to his direct connection with the ‘Union Oil Company of Cali 
- fornia, Mr. Orcutt was ‘president of the Canoga Citrus Association, the Inter- 
3 national Development Company, and La Merced Heights Land and Water 
Company ; vice-president ‘of the Claremont Oil | Company, the Far West Oil 
the Garbutt Oil Company, the Los Angeles | Oil Company, the Mid- 
way Royal Petroleum Company; the Outer Harbor Wharf and Dock Company, 
_ the Union National Petroleum Company, and the Union Steamship Company ; 
and director of the California Coast Oil Company, the Community Mutual Ms 
1 Water Company, the Lakeview Oil Company, the Southwestern Ore Company, 
and the Union Oil Company of Canada. He also served for many years as a 
director of Security First National Bank of Los / Angel bar 
_ Mr. Oreutt was a Presbyterian. He was a member of Canoga n Lodge No. tas 
611, F. and A. M.; Southern California Academy of Sciences; Seismological — 
Society of America; Historical Society of Southern California. (director) ; 


Geographic Society (member, Board of Regents) ; Sons the 


of of the’ Garter; ; of Mayflower Descendants, He i is 
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The life of California oil pioneer has below 
In the bright afterglow there is satisfaction in recording that he lived it in a 
_ manner true to every inheritance and tradition of his pioneer American an- 
Sms Hh ce that Leland Stanford Junior University has reason to be prc proud of his 
record as a pioneer graduate in fulfilling the highest ideals for which it was 
founded; that his successful handling of oil problems was always along lines 
im which every , right-thinking oil 1 man desires to see the industry grow; that, 
Bos in achieving, he helped others to achieve—always with his characteristic smile — 
ee and a bright twinkle in his eyes; and that, although world conditions may have 


and his burdens ‘shifted to younger the straight-— 


- opportunity: for thought on how present and future problems may be most 
Orcutt was elected a Member of the American Society of Civil Engi- 
neers on April 18, 1916, and a Life in 1941. 


rita 
7 HENRY BLANCHARD PRATT, M. Am. Soc. 


Henry Blanchard Pratt Mass., on February 1, 
Pari, _ 1877, a.son of Edwin Beecher; and Harriet Augusta (Hemmenway) Pratt. 4 
is va oy His early education was received i in the Waltham (Mass.) schools, augmented 
ihe a by a course in structural en; engineering in the Boston Young Men’s Christian mm 
q Association. His subsequent education, wes.nelé -aequired hy. pancticnl experi- 
o “Sy For iree years Mr. Pratt was employed by the City of Cambridge, M 
ae ps as rodman and transitman, until the opening of the Spanish-American War, i in 
o. ee 7 whieh he served | until April, 1899 . During th the last: three ‘months | of his service 
he we worked with a division | engineer, making reconnaissance surveys and teach- 
ing the use of surveying instruments. ons 


engineer with the firm of J, R. Worcester | and of Boston, Mass., a 
connection which continued for twenty-three years, During this time he had 
ae a varied experience as draftsman; cement tester; and designer of concrete end 
Be - steel ‘structures, , subways and elevated railways, bridges, and submarine tunnels. 
= eight years he was in charge. of the Waltham office of the firm. He ears q 
had responsible charge of the execution of much important work; 
ae 4 In 1922 Mr. Pratt ‘moved to Antrim, N. H., where he joined with George m4 
in the firm of Caughey and Pratt, engineering. contractors. This 
re: Bs “firm did a general contracting business, specializing in masonry. It designed 
and | built many bridges and dams of small and moderate size, although much 
ite, work consisted of repairs to foundations. and buildings. The firm was 


| 
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orizon. 


a survey of existing highway bridges, determine their capacity ek: 

g and to form an accessible record of them. He was still at this work at the wee ee 

q Mr. Pratt was a useful citizen and had served as a Selectman Antrim; 
" he: was for many years a Trustee of the James A. Tuttle Library, in Antrim, ae 


which he was greatly interested. 4 His greatest Pleasure was fine’ music. 


his widow and six children, Blanchard, 
Paul M. Jaquith), Margaret (Mrs. 
~ Demarest), Judith | D., and Benjamin. . ‘od ‘wis ye 
‘Pratt was elected an Associate Member of the Amerieix Society. of 
Civil Engineers on J june. 1, 1909, and a Member on J anuary 16, 


CHARLES MILLER REPPERT, M. Am. Soc) C. 


> Charles. Miller Reppert, the son of Henry and Nancy (Miller) Reppert, was ae 

born at ‘Verona, Pa.,.a suburb of Pittsburgh, Pa., on October 10, 1880. 
education was obtained in the grade and high schools of Pittsburgh, and at 
4 Cornell University, Ithaca, N. Y., from which he was graduated i in 1904 with J 


the degree of Civil Engineer, hag bi avalyod Yoinm 
In September of that year, Mr. Reppert began his professional career 
draftsman in the Bureau of Filtration of the City of Pittsburgh, under, the Pe : 
Morris Knowles,’ M. Am: Soc. OC. E. For twenty-five years (interrupted ¥ 
for brief periods by World War I and by service with Allegheny County, a 
_ Pennsylvania) he worked for the, city. Early in his career Mr. Reppert 
‘showed, two outstanding qualities—an unusual ability in design and the ais ‘a 
capacity to direct large numbers of. technical employees effectively. He rose 
from draftsman to assistant engineer in charge of construction of ra. 50- in. 
teal water line 1 more than. 5 miles long, including a 36-in. river crossing. — 4% 
In October, 1907, when he was transferred from the Bureau of: Filtration to 
the Bureau of Construction in the Department of Public Works, he was placed — 
in charge of “designs, specifications, and contract plans for extensive street. 
and sewer improvements and for miscellaneous structures. . aoe: 
During: this period, Mr. Reppert also directed many ‘special investigations SS 
4 pe reports upon engineering projects. Among these was a study of retaining i: 


= 2 oe by John M. Rice, Nathan Schein, and John D. Stevenson, Members, __ 
a Schein died on 8, 1943. 
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= 
walls under which many large were The 4 


active in developing plans: for a comprehensive sewerage system, “supervising 


vost: of installing a "Separate ‘sanitary system of sewers for the entire 
which, ‘at that time, was served by combined sewers ‘only. ay, ‘od 
oe In 1917, Mr. Reppert was assistant to the Chief Engineer of the = 
a of Engineering (formerly the Bureau of Construction). Wishing to take ~f 
more active part in the war, he secured a furlough from the city and associated 
himself with Morris Knowles, as deputy supervising engineer on the con- 4 s 
- struction of Camp Meade, Md. When this work was completed i in the fall of ~ 
he returned to Pittsburgh, and in the early part of 1918 he became 
deputy chief engineer and was later made chief engineer. M 
Leaving city employ, he was appointed assistant general manager of the “a 
€ Housing Division of the Emergency Fleet Corporation, U. S. . Shipping Board, - 
et and remained in this po position until most of the housing developments had been 
liquidated. He then joined the firm of Morris Knowles, Ino, consulting 
the resumption of a public works program in Pittsburgh, 
Reppert was induced to return as Chief Engineer of the Bureau of Engineer- — 
ing in 1921, He remained in this position until 1922, when he consented to 
as assistant director of the Department of Public Works of Allegheny 
- County, which had just been organized by the late Norman F. Brown,’ M. Am. 
Soe. C. E. In this position, he had general supervision of planning roll 
designing: major highway and bridge ‘improvements for the county. 
ba ae a ‘Again, i in 1926, he returned to city ‘employ as Ohief Engineer of the re- 
organized Department of Publi¢ Works, remaining in this position for the 
next ten ‘years. 4 During ' this time he had supervision of all public work im- 


Fons 


| 


provements, including major boulevard and street projects; rehabilitation 


_ improvement of the water works system; bridge construction and reconstruc- 


a oh tion ; design and construction of trunk’ sewers; and many special engineering 


4 
1936, he retired from the city’s entered tite 
consulting engineer in ‘Pittsburgh. _ Among the projects which he super- 

_ vised during this period | were Mellon Institute of Industry and Research and it 
@ large private low cost housing project in Clainton, Pa 


was is killed by a ‘fall on September 16, 1989. 


a: ba constructed by this City of Pittsburgh and Allegheny County. He was also 
en _ interested in city planning and gave a large ‘amount of his time to developing — 
er r an appreciation of this work. - His sincerity of purpose was appreciated by 
his‘ colleagues as was shown when he was elected first ; director, and 

= tee president of the Pittsburgh Section of of the Society. For r three years he was’ 

member of the Society’ licensing committee. At the time of his death, 
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Reppert was Vice-President « of the Society. Also, he was an active snimabaia and oF 
4 past-president of the Engineers’ Society of Western 1 Pennsylvania, a and was a pe 
former» president of the. American Society of Municipal Engineers (later 


“abe Mr. was s married on ‘April 20, 1911, to Blanche Christy 


“Enginces on October 1, 1913. aly 
Baral BARZILLAI ALLEN RICH, M. Am. Soe. C.E2 aw 


_ Barzillai Allen Rich was born in Hingham, Mass,, on September 18, 1877, — i 
- ys son of Barzillai Warren and Betsey (Dorethey) Rich. His ancestors were ae 
the early Cape Cod d settlers at Truro, Mass, bie. 
‘His early education received in the ‘public echools at Hingham. He 
Tufts College at Medford, Mass., in 1895, and, although a student 
there for only one year, he was awarded, in 1924, the degree of Bachelor of ‘ae : 
by Tufts College, des signated asa a “Degree Extra Opdinem,"; 3 in, recog: 
= of his being the outstanding engineer of his class. 9 (ietinds ot 
On leaving Tufts College, he obtained with ‘the ‘Metropolitan 
Park Commission | of Boston, Mass.,. which was engaged actively at the time in 
developing the extensive parkway. system of metropolitan Boston. Rich 
was employed on this work for about eleven years, successively as rodman, 
& _ transitman, and chief of party on, surveys, and road work, _and, during most 0 of 


the time, as assistant engineer on the design and “construction | of numerous 


In 1907 and 1908, Mr. Rich was engineer and superintendent for Austen — 


"Engineering, and Constru uction Company, of Boston, on. concrete construction 
work, During the next two years he was engineer and superintendent for 
- Moore and Company, of Boston, on water works systems built and operated ; 
by this company in various New England municipalities. The following year ape 
and a half, Mr. Rich was employed by the Metropolitan Water, Works, of 
g Boston, on drainage work. From 1912 to 1915, he served as assistant engineer a 
on the Boston Transit Commission, designing subway sections and tunnels. pee ; 
_ Mr. Rich resigned from the employ of'the’ Boston Transit Commission to 
“become, i in 1915, assistant engineer with the firm of Fay, Spofford and Thorn- 2 
ss dike, consulting engineers, of Boston. ‘He | brought to the firm a broad ex- 
"perience i in the design of various types of engineering g structures— 
drains, bridges, foundations, and buildings. During the time he was with 
ers and Thorndike, some of his most important work was done, including 


(1) the design of freight- handling equipment and utilities for the $25,000,000 
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across the Connecticut River at Springfield, Mass. 
Bn 1920 and 1921, Mr. Rich was engaged as supervising engineer by Lock- _ 


pa 


wood Greene Company « of Boston on the design and construction of industrial a 
"plants, foundries, and machine shops. 


~ 


Pits ‘Mr. Rich again became associated with Fay, Spofford and Thorndike in a 
aa and, with several other employees of the firm, was made a junior partner. q : i; 


a ‘He remained with the firm for somewhat over two years, being engaged largely 


ne on investigations and reports on projects involving flood protection, land de- 
velopment, freight handling, : sewerage, and drainage. He resigned from his 
- partnership with Fay, Spofford ‘and Thorndike in 1924 to establish the firm — 
of Rich, Bigelow and Tirrell, structural engineers. This firm was dissolved 
early i in 1926, For nearly ten years Mr. Rich served as a structural engineer — : 


‘s ar with Monks and Johnson, of Boston. Then followed two years during which “ 
he had miscellaneous engagements on structural engineering work. In 1987, 
ihe ‘became connected with J ackson and Moreland of Boston, as a ‘structural: q 
ie) engineer, and was employed by this firm at the time of his death on Ja anuary 

Always interested in aftaite, Mr. ‘Rich was author ‘of technical 
"papers pertaining to “complicated problems» in structural design. A keen 
mathematical mind and an excellent memory account for his unusual ability . 


ass 


¥ he » The possessor of a pleasing personality, he took much pleasure q 
“narrating incidents from his varied and interesting experiences. Relaxation 
- from his technical work was obtained from research on his family seneelogy, 
stamps, and manual labor upon his property. 
On October 9, 9, 1900, he was married to Amy Inez Munsey at Lynn, Mass. 
‘a eet Five children were born from this marriage. Mr. Rich is survived by his 
widow; four children, Mrs. John W. Button, Mrs. George Puopolo, Albert 
Barzillai Rich, and ohn Warren Rich; and thirteen grandchildren. 
ae Mr. Rich was a member of the Boston Society of Civil Engineers, Béston a 
Sey Mr. Rich was elected a Member of the American Society of Civil Engineers — 


* 


Loe 


= 


A youn Virginian, a descendant of early settlers, be left Gates County, North 
oH Carolina, some time in the eighteen fifties to go to North Carolina ‘State — 


Memoir prepared | by Frank T. Miller and d George H. Maurice, Members, 4m. Soc c. 
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N.C. When passing through Wake Forest, N. 
4 i“ stopped for the night | with the result that he remained there, and matricu- _ 
lated at Wake Forest Baptist College. This man, Wiley Goodman Riddick, — 
met his destiny there, was married to Anna Ivey Jones, bought land in Wake om ine 
County, and settled down on a -600- -acre farm adjoining that of his wife’s aa 


family. When strife between the states developed into > warfare, he joined the 


army of the Confederacy and won a lieutenant’s commission. He returned 
home on a furlough in the late fall of 1863" to harvest his crops, and, on 
August 5, 1864, a son was born. oil at nk: 
Wallace Carl Riddick grew up under the hardships of the 
‘Period. The father’s spirit to fight for the cause in which he believed 
geen! ded to the : son, and this spirit was | developed by the struggle for existence 
iy during the dark days of the seventies and early eighties. All his family had 
been college graduates, and young Riddick was determined to follow the family 
> tradition, which he achieved by hard work. He entered | Wake Forest College 
ia _ 1881, but, at the end of his junior year, he and all other members of the i ‘a 
g Kappa ‘Alpha fraternity were expelled, as secret societies were forbidden. He 2 
then went to North Carolina University at Chapel Hill, where no eredits were. 
he _ allowed from what the university faculty deemed an inferior institution, and 
4 : - examinations on all | subjects up to the end of the j junior year had to be passed. 


Mr. Riddick this, and in June, 1885, from ‘the 


the degree of Civil in Ju une, 1890. ovis 
One of the writers of this memoir, as an 
: | Riddick who, as a senior, was a tall, lean, active man much engaged in ‘ll 
iF activities of Lehigh University. A rereading of the undergraduate publica- 
iz tion The Epitome for the years Mr. Riddick was a student demonstrates that, 
in addition ' to standing well in his classes (as evidenced by several prizes for — 
f - excellence i in studies and membership i in Taw’ Beta Pi), he was prominent in 
athletics and class activities. He won four first prizes in the winter sports — 
a _ heat in in 1888, breaking the record in the standing high jump, 4 ft 8.5 in., andin — 
fence vault, 6 ft 8 in. He also won first prizes in heavyweight 
a middleweight wrestling. In 1888, he was a regular member of the football 
g team, and in 1889, ‘when Lehigh University won the football college e cham: ; 
pionship of Pennsylvania, Mr. Riddick played in almost one half of the | games. 
4 was catcher on his 1890 class baseball team. 
afd 0 a Bins: His other activities at Lehigh included: Vice-president of his class (1890) 
—  & in his junior year, member of the 1890 Epitome board, member of the civil "a 
engineering society (its president in his senior year), member of the Chess 
Club, and member of the Ace Club. During a spring vacation he ret urned to 
‘Wake’ Forest College and coached ‘the football team to victory over “their 
Southern ‘antagonists. This was one of his pleasantest recollections, in 
those | days,’ ‘football in the South was played ‘as a sport. ‘without regard | to 
seasons, although it was discontinued when the "weather ‘became ‘too hot, 


Later, dur ring | g his years North Garo ina State 
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completed, it was named Riddick Stadium for him in recognition of his 
aid in developing athletics—an “essential element of student : activity. 
‘ie _ His first engineering work after being graduated from Lehigh U niversity 


ih was as engineer of. construction for the Graystone Granite and Construction — 


Company from 1890 to 1892, on n a canal for development. of water power, 


ps “4 near Weldon, N. ©. While on this work he met Lillian Daniel to whom he a 


1892 he was appointed professor of civil e engineering North” Caro- 


os lina College of Agriculture and Mechanic Arts (later North Carolina State | 
Me College), Raleigh, N. C., which was then in its infancy, having been founded — “g 
in 1889. At this time, he began the work that was to be his principal oc- 
- gupation and ended only with his death. He organized and built up his de- | 
partment to such a recognized position among the best technical schools that 


_ he has been acclaimed “the father of professional engineering and engineering ; 


YA education” in North Carolina. For years he was known affectionately | 
A aM thousands of the men who grew up under his: instruction and inflnence as 


1916, During his term’ as the college » made remarkable 
: progress—new buildings were built and the faculty and the student enrolment 4 
In 1928 he resigned from the presidency to become — 
the first dean « of the school of engineering, the development of which had n more 
appeal to him than administrative duties, Until 1937, when he retired from — 
active work, he served i in this capacity. However, he insisted on continuing 


teaching career and became dean emeritus of: engineering and professor <4 


hydraulics, At the time of his death he had rounded out a full fifty years es a 


struction of sewers 8 for ‘Southern, Pines, N. 0, in 1900; building a system of 


in 1903; q 
a 


utility: projects and \ was outstanding as an expert witness before the courts. Hn | 


Dean Riddick | took active iriterest in the Society and in the North 
Carolina Section, serving on its various committees, and, in 1940, as president _ 


the Local Section. was a Lientenant Colonel on the staff of the Hon, 


obert B . Glenn, Governor of N orth ‘Garolina, 1905-1909; a member of the 


North State Highway. Commission, 1915-1919; a member ‘of the 


lina Department of Conservation ‘and 1918; a -member of the 
Boned of Visitors, U. S. Naval Academy at Sherr Md., 1920-1921 ; a mem- = 


Board of Vocational Education, 1917-1919; a member of the North ( Caro- a 


— 


— 
— 
4 
ord 
ig 
| 
— 
— 
<i 
— g 
— 
from 1936 to his death, consulting hydraulic engineer. As a consulting 
— 
4 
1 
= lina Tea leigh Engineers 


Olub. In civic life’ he was also active as a member of t the Wake County Board 
of Elections, as a member of the Wake County Board of Educati 
chairman of the Wake County Selective Draft Board No.1. show 
_ Dean Riddick always had the interest of his young engineers at heat, 
and, with this end in view, he was active in. the 
of Engineers in 1918 for the purpose 
engineers of all branches before they advanced to stehiabant in he F ounder 
% _ Societies. He was its president in 1919., He was always a fighter and a 
for the cause in which he | whether on the athletic ‘field, 
in the classroom, or on the witness stand .. Often, he said that conversation 
was futile unless argumentative. _ When the Brookings Institute recommended 
3 the. Hon, 0. Max Gardner, then Governor of North . Carolina, that the 
‘engineering school of North Carolina State. College be | transferred to. Chapel ey 
Hill, and that North Carolina State College be relegated to the position of Pe 
a junior college, Dean m Riddick, rebelled: amd his influence had mu uch to do- 
ies In 1917 Wake Forest College and Lehigh University both gave Dean Rid- 
dick the honorary degree of ‘Doctor of Laws, and, 1939, North Carolina 
State College on its fiftieth a: anniversary honored him with the degree of Doctor 
of Engineering. He was a Knight Order of Saint Sava (Yugoslavia), . He 
was a member of Capital Club, Rotary Club, and Raleigh Country Club... ‘His 
farm in Wake “County, which he was constantly improving by. ‘conservation 
y. . practices, was his hobby and recreation. It was here that he spent many after- 


Dean Riddick hale “and until a death. 


“Riddick died on 8, 1 


shock. n 
he had gone for 


the words of the head of the North ‘State College Civil 
née ring Department, C. pvt Mann, M M. “Am. Soe. ©. E.: : “His was a life . f service 
and accomplishments, full of honors s and ¢ of great and good work exceptionally 

done. He was ever a seeker of the truth” 
Dean Riddick i is survived by five children—Wallace WwW anc yur dau 
Dean Riddick was elected a Member of the otf wthibadi” Society of Civil 


dy 


d Elmer Rightor vide born at Rockford, on August 8, 1882; ‘the 
of Elmer Abram and Arabella ‘Victoria (Drummond) He attended 


Memoir prepared by H — 4m. Soe. C. EB. 
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of Texas, at Austin. At the University of Illinois nois he elected 
order to gain experionce, ‘dering the summers of 1900 and 1902, 


Railroad From Tw une, 1908, until J une, 1906, he was ‘with 
Illinois Central and Yazoo and ‘Mississippi V alley railroad companies, as 
-chainman, , rodman, instrumentman, a and assistant engineer on maintenance. 
a. 3 ‘Leaving railroad work, from June, 1906, to October, 1907, he served as division 
ie: engineer for the Dering Coal Company of Clinton, Ind., , and from October, — 
“4 af 1907, until January, 1908, ws s chief engineer - for the Consolidated Indiana Coal 
‘In 1908 ‘Mr. Rightor ‘moved ‘to Texas. man with open heart and 
manner, he fitted perfectly into his new ‘background. ih Texas, Mr. 
‘Rightor'! became associated with the he Texas Bitulithie Company. E He remained 
this firm for ‘nearly thirty years, becoming president and treasurer of the 
Southwest Bitulithic Company of San Antonio, Tex. In September, 1937, 
nd he was appointed a member of the First Texas | State Board of Registration — - 
Professional Engineers, which had been created, after a hard fight, largely 
through | the efforts af the Texas Section of the Society, of which Mr. Rightor 


was an active ‘member. Since it was necessary for the new board to proceed 


» 


1S Be with proper catition and regard, Mr. Rightor’s appointment was most ap- — 

— eS propriate. _Att the first meeting of the Board on October 1, 1937, Mr. Ri ghtor aa 
was elected secretary and held his position until his death. ss 


ad 


As secretary of the Texas State Board of Registration Prof fessional 4 
Engineers he } helped to place it in ‘the f front rank of such | bodies. Because of of 
a . x his service on a board of such high reputation, Mr. Rightor was soon asked to “a y 


ies take an active part in the National Council of State Boards of Engineering — 


es Examiners. He was elected Director of the Southern Zone (one. of five 2 zones 
> 


into which the United States is s divided) for 1939 1940, and also served on 


committees. Through his thoughtfulness for every one, he made a host 
More than most men, he had a sincere love for his fellows. Overpatient a 
ae ee with the man seeking employment, he was what is known as an “easy touch.” — — 
Mr ightor was a wonderiu mixer an ong Oo many organiza ions. 
a ne Mr. Righto derful nd belo ed to” ti ; 
: aa Among his afiliations were the Elks, the Masons, the Texas Society for Pro- a | 
fessional Engineers, and the Society of American ‘“Militery Engineers. 
4 ae Throughout the ‘years he attended the Local ‘Section meetings of the Society Wy 
He has. gone ‘on to build engineering structures in other worlds under the ~ | 
Gre eat Engineer who sends the countless spheres whirling through endless 
“space. and yet heeds the sparrow ’s fall. Over Mr. Rightor’s grave might be 


=; 


Fy. 


aes ie ae University of illinois at Urbana, and was graduated in 1903 with the __ 

degree of Bachelor of Science in Civil Engineering. Later, in 1917, after 

| 

| 

| 

oy 


moulded you in “mathe way 
And now my plans are finished, and adt 69 
ave done. My soul He keep ot te 


hain ‘add So tuck me and lightly cover 


married on November 29, 1931 bie Elmer; 


Schein was born at St. Petersburg Cater Russia, 


a March 22, 1884, the son of the late J oseph D. and Mary Schein. 54 He was 
graduated from the Birmingham Sub- district School in the old twenty-eighth 
ward of the City of Pittsburgh, Pa., in J une, 1898, and from the Central High ZS 

School, of Pittsburgh | in Ju une, 1902. He tl then ‘matriculated at Cornell Uni- 

versity, Ithaca, N. Y., and was graduated in 1906 with the degree 0 Civil 

After ra short engagement with the Toledo-Massillon Bridge Company, To- 
ledo, Ohio, he entered the City of Pittsburgh F iltration | Bureau in J: anuary, 

1907, ‘as levelman under the late Morris Knowles,’ M. Am. Soc. C. E., later 

being promoted to draftsman. In | anuary, 1909, he was ‘transferred to the 

- Bureau of Construction (later the Bureau of Engineering of the Department 

of Public Works) as draftsman. 

a burgh lasted continuously until J anuary, 1942, w with ‘Successive promotions 

engineer, ‘division engineer, “principal assistant engineer, ‘engineer o 

parks and playgrounds, and senior designing engineer. 
sini _ For a | Six months’ period in 1917, Mr. Schein was assistant engineer at r. 

Camp Meade, “Maryland, engaged in ‘the construction of ‘roads, "sewers, and 
buildings. For a short time in 1942 he worked for the Dravo Corporation of 
Pittsburgh. on the expansion program at its: Neville Island plant. 

His meritorious professional career was eclipsed by his | activities in ‘the 
4 Society ; he was probably ‘the best-known Society | man in the Pittsburgh re- 
gion, April, 1916, associated with Robert A. Cummings, Wilkerson, 

| tole ©. “M. Reppert, and the late Richard Khuen, Jr. Members, Am. Soc. 
5... and the late George S. Davison, Past-President and Hon. M. 
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oF ARTHUR MONROE 8! sHAwW 
©. E, hen was active in the formation of the Pittsburgh Section. ‘He became ; 
- secretary- -treasurer of the Section about 1919 and served continuously in that 
iS office until 1937. one could have been more earnest and unselfish in 
to the Section than Nathan Schein. He knew and was known by practically 
ae every member of the Society around Pittsburgh. Earnest and hard working, — 
aim he was the acknowledged local authority on the workings of t the Society os = 
c hae the guide in the work of almost all committees of the Section. After his re- 7 
: ‘ae tirement as secretary-treasurer, he served the Pittsburgh Section as a director. q 
He is survived by his widow, Sarah J. Schein, to whom he was married 
on October 24, 1922, in Syracuse, Also surviving are a son, Charles 
= 1 To oseph Schein; a daughter, Marian Jean Schein; his mother, Mary Schein ; end 
et Mr. Schein was elected an Associate. Member | - of the American. Society of 
Civil neat on March 2, 1915, and a Member « on October 12, 1925. em fe 


ARTHUR M MONROE SHAW, M. Am. Soc. C. 


Ar thur 


“ae the son o of Monroe Shaw and Rebecca (Linn) Shaw pm es in 


ie After his preparatory education in the elementary schools 0 
Dixon Business College i Dixon, and coral 


At the of his college. career the employ of ‘the 
4 Engineering Division of the Illinois Central Railroad Company. _ From 1891 
Ps to 1909 his field of activity embraced railroad, drainage, a and irrigation ‘projects — 
of note in the United States, i in Mexico, i in tema: and in Colombia and 
r other ‘Sections of South America, both as a Means ‘practitioner and as an 


1909 to 1929, Mr. Shaw continued his ‘work, mainly in chosen 

aoe fields, with the exception of that period embracing the World War from 1917 

to 1919. - With the rank of Major of Engineers, he was assigned to duty with a 

the Construction Division of the Constructing Quartermaster, v. 8. “Army, 

" ae supervised the building of Camp Beauregard in Louisiana, Camp J esup 

in Georgia, and ‘Camp Normoyle in Texas. was later commissioned as 
‘Lieutenant Colonel of Engineers, Officers Reserve Corps. His previous mili- 

tary duties had been in the ‘Spanish- American War, where he served as Cor- : : 
A Bcc and | later as Sergeant, in the 2d United States Voluntary Engineers. we 


Other ‘activities | engaged in. n by Colonel Shaw prior to the year, 1929 | in- 


4 Memoir ate by Charles M. Kerr and Ole K. Olsen, Assoc. Members, Am. Soc. : 
and lenn Cappel and John Riess, Members, Am. Soc. C. BE. 
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4 Orleans, La.; the Harrison 

1929 to 1983 was, perhaps, the most thibbesting era of Colonel Shaw’s 
"professional 1 career. . During these years | he was retained as chief consultant | 
by the Chinese National and the Chekiang Provincial governments, and super- 

a vised the construction of the ‘Hangchow- Kiangshan Railway, which forms part Pa 

of the National Railway ‘System of China. During his residence in China, 

: Colonel Shaw also made a study of ‘various ‘ancient i irrigation works in ’ the ; 
eastern ‘section of that country, and at. out revisions of these systems to be 
signing in "the of “the Hangchow Seawall 

. a Upon the termination of his activities in China, he returned to the United ae 
States and entered the employ of the Public Wotks Administration (PWA) ae Bs 
in an administrative capacity, continuing with that organization ‘until 1940. 2 he 
pie With the outbreak of World } War IT he again gave his entire service to hi his 
‘country, but this time he was : employed by | W. _ Horace Williams, M. Am. Soc. 
x. E., as supervising engineer in charge of the construction of Camp Claiborne — 

Camp F Polk, both i in Louisiana. ‘He died while « on duty i in ‘Surinam (Dutch 

- Guiana) in charge of important construction work involving the installation 
of a project for the Aluminum Company of America, 


At various of his career contributed many 


members of ay profession, He was recognized as a person of the highest i in- 
= -tegrity, and his associates knew a constant and loyal friend. “The 
: death, of Colonel Shaw is an inestimable loss to the members of his 
7 to a host of friends, and to those who were so fortunate as to be numbered — 


1901} he was married to Henriette Otis in in Council Bluffs, Towa. He i 
survived by his ‘widow and four children, Frances Shaw (Mrs, Eric A Lans. 


down), MD, Phyllis Anne Shaw (Mrs. Fredrick Shay 
(Mrs. James H. Ward), and Richard Monroe Shaw. 
He was a member and past vice- -president of the ‘Association of 
American Engineers, and a life and ‘past-president of the 


1 ty Colonel Shaw was elected an Associate Member of ‘the American ai 
= of Civil Engineers on January 3, 1906, and a Member | on September 5, lou 
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ae Frank Herbert Snow was born in Providence, R. L., on November 2, 1865, 


e son of Levi Franklin and Sarah ‘Ann (Drake) 


In ‘May, 1882, _when only seventeen years. of age, he _ was employed by 


Thomas s Keith, surveyor, of Brockton, Mass. ‘Later, he worked for E. L. 


Brown, engineer, of the same city, 7 From 1887 to J anuary, 1890, he was em- E 


ployed in the city engineer ’s office ‘in Brockton in succeeding steps : . First as : 


- rodman, then as chief of party, and finally as assistant engineer. In Jan- 


mary, 18 1890, he became city _ engineer and surveyor in responsible charge 0 of all — a : 


city surveying ‘and. engineering. In this capacity, he designed and constructed 
system of and sewage treatment for the city and originated ‘the 


municipal ‘sewer tax, or rental system, which was an innovation of that day. 


designed the ‘elimination of, prepared specifications for, and ‘supervised 


construction of thirteen grade crossings ; built “the water works, pump 


es and standpipe ; and made a report on investigation and plans for a new 3 Zz 


source of water ‘supply. After he left the city employ, his recommendations 


were adopted, and the works were ‘constructed, 


a. From the spring of 1896 to the summer of 1905, Mr. Snow engaged in pri- 
ae vate practice with F rank A. Barbour, M. Am. Soe. C. E,, , with offices in Bos- ‘ & 
ton, Mass., , and Columbus, Ohio. His firm conducted a general civil and 
sanitary engineering practice dealing with the design and eonstruction of 
as numerous works, _ These, included the design for sewerage and sewage treat- a 
a ment t for th the ‘Metropolitan Water Board at Clin nton, Mass., th e design and — 
bo] construction of water works at Peabody, Attleboro, and Mansfield, Mass, and — 
ae similar work at St. Johns, N. B. Canada. His company designed a new 
water’ ‘supply for Youngstown, ‘Ohio; and designed and « constructed sewerage 


4 


‘ and sewage ‘treatment works at Mansfield and ‘Lakewood, Ohio; Saratoga — 
«Beene N. Y.; Atlantie City, N. J.; Hudson, Peabody, ‘and ‘Bridgewater, — 
< Mass.; and humerous other places, “While he was in general consulting prac- 
tice, Mr. “Snow was employed “first” by the. City ‘of Boston, 1897-1898, 
a preparing the rate schedule for the Boston Main Drainage System and later by 1 


Tap 


tinued to make reports and give ‘expert testimony before various courts, 


_ the City of Taunton, Mass., on a similar project. | During this period, he con z= = ia 


: 3s ‘The years from 1896 to 1905 may be considered ‘as the first period of Mr, 


Beant career, ending \ when he moved from New ‘England ‘to Pennsylvania, 


ere he lived until the time of his eath, thirty-s -seven ‘years ‘Tater. Early, 


displayed the broad vision which his entire life. He was not 
as to try 1 new things, as i is shown by the praise given him in tnt the’ Brockton — - 


Daily Enterprise (November 8, 1943). tribute stated: 

MS i ty 3 years ago a young man of promise was City Engineer of Brock- 
4 ton, Massachusetts. At his death in Harrisburg, a October 


23 


by Howard E. M Am. Soc. C. EB. 
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hat 29, 1942, the had been fulfilled. In and 
monumental works bearing the name of F. Herbert Snow... 
ie ~~ “Brockton i is credited with being the first city in the country to abolish - 
grade crossings. The engineering on the prajert was by then 
“The City’s. sewage disposal system, piece of pioneering, also 
bears his name. It was a bold step in its time, an experiment. There were 
those who called it gambling with public funds. But the system proved 
efficient. As such, it received international attention as the solution of 
“He planned the present water supply system, carried out by his suc- 
a “Later, as a widely known public official and consulting engineer, cee 
e City was young,’ he once said. was i. not afraid 
; Z agi th he second period in his life began. with his appointment as chief engineer 


of the Pennsylvania Department of Health in 1905, _ At that time the field of a 
sanitar ry € engineering was not so well developed as at present, and men of 
"standing ability and reputation v were not plentiful. Sa amuel Dixon, M.D., > 
S then organizing the newly formed Pennsylvania Department of Health, is 4 Ae 


‘said to have heard a paper ‘presented by Mr. Snow descriptive of work done in 


At lantic | City and to have deen so impressed with his experience, ability, and 


character that he offered him the position of chief engineer of that depart-— 


= ment. So he went to Pennsylvania, a state of which he had but little Intimate > er 
knowledge, and where he was to liye. the remainder of his life, learning to 


a now it thoroughly by travel, study, and contact | with its people. He became aa 
a true Pennsylvanian, an outstanding citizen, attaining fame as an engineer, 
and, at all times, directing his energies toward the advancement of his adopted - < 


‘4s AS chief engineer of the Pennsylvania Department of | Health, he went to “4 ¥ 


work with his usual vigor, ‘The first ‘step was t to compile. data and plans of 
al public water works and publie sewerage systems in Pennsylvania. Com- 
prehensive questionnaires were mailed throughout the ‘commonwealth and the 23 
if 3 information thus secured formed ‘the ‘basis. of ‘the voluminous records now on 


file in the Department of Health. he Always. a man of broad vision, he early 
established the principle of comprehensive planning with an eye toward the 4 


future, This was especially true in connection with metropolitan sewerage. a eh ag 
=e ih _general, he found that sewers had been installed chiefly to meet present Bt: 


needs without to their. ‘relation toa comprehensive system 


needs. of neighbors. Cooperation between communities having mutual 
& lems was stressed on the ground that such ; problems ‘could best ‘be solved by 
| Sc rather 1 than individually. In this he naturally encountered te 
_ traditional jealousy and enmity between communities, but despite this and 


he adhered to this ‘principle, s and it is still applicable today. 
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Although, in the major supplies in Pennsylvania were secured 
from m the larger surface streams, the field of public water works was unor- 
2 ganized at this time. At the beginning of Mr. Snow’s incumbency as chief 4 
“ engineer, few of these > supplies were adequately purified. As there were only am 
few filtration plants, unfiltered water from contaminated rivers” ‘was being 
a . served in the principal cities of the state, This situation was reflected in the & 
f ae high state typhoid fever rate (as might be expected from present- -day knowledge a 
of the relationship between. ‘polluted water supplies. and water- borne disease). 4 
-_—-—- Purification of public water supplies was in its infancy, and, ‘in 1905, chlorine 


4 


as a purifying agent was just beginning to be considered. In fact, ehlorine | B- a 
was first used in Pennsylvania on a public water supply in 1909, four years” F, 


after Mr. Snow’s ‘appointment. - Building ot on Mr. Snow’s | pioneer work « on the q 


mo ov > 


purification of Pennsylvania’s public water supplies, a vast system of water 
works has spread throughout the state, supplying water to approximately 
8,000,000 people, or 80% of the total population, ‘virtually all of whose. cupplies : 
See are safeguarded by filtration and chlorination, or at least by chlorination. Pale a 
"BR Perhaps the best measure of the value of this work is found in reduction of _ 
typhoid fever and other water-borne diseases. In 1906, the death rate from q 
i fever in Pennsylvania was 54.8 per 100,000 population. This was the q 
rate for the entire state, with the rate for many of the municipalities greatly 7 


(Tiss 


‘excess. Cities were typhoid- ridden and epidemics were expected to occur 


While he ‘was chief Mr Snow had responsible charge of ‘the 
supervision of more than forty water-borne epidemics in ‘Pennsylvania. “At 
oe the time he left the Department of Health, the typhoid fever rate had been 
reduced measurably ‘and has since reached rather negligible figures. ‘As pa 
of his duties while chief | engineer, he directed design and 
engineering and surveying for three Tuberculosis Sanatoria at Mont Alto, 4 
Cresson, and Hamburg, Pa.; ‘reclamation work at Austin, Pa., after the flood 
- disaster of 1911; and housing and care of Civil War veterans attending the © 
* fiftieth anniversary reunion at Gettysburg, Pa., in 1913. For this latter work — 
he was ‘awarded a special medal by the Federal Reunion Commission. At 4 
this time he seems to have been given the honorary title ‘ “Doctor,” by which a , 
he was known thereafter— title which seemed to ‘fit this man w who’ 
much’ viston and ability and pioneering spirit. Thee 
_ In January, 1914, Mr. Snow was 3 appointed to the Position of chief engi- 
meer of the Public Service Commission of Pennsylvania and continued in ‘that — 
capacity for’ eighteen years. As he had done in the ‘Department of Health, 
he built up the engineering bureau of the commission, making it an important a 
os fae unit in 1 the w work of that body. 1 He supervised all engineering work, qneliding — 
‘such ‘matters as design and construction of bridges, service and 
_ public service companies, plans for elimination of grade crossings, and en- — a 
forcement of the commission’s rules and regulations ding operation of 
- gas and electric light and power, water, and steam heat companies. He'also — 
gave expert testimony before the commission which handles many hundreds of _ 
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MEMOIR OF FRANK 

a tion, and protection—were involved is indicated by the fact that in thirteen 
years the work done by Mr. Snow for the commission cost $153,000,000. At cae 

j one time he reported that, for the last few years before his retirement from the 


tried and passing the bureau of engineering 


“of engineering coming under the scc scope of the bureau of engineering, 
_ Age limitation caused Mr. Snow’s retirement in 1932, ending the second a Se 
period of his engineering career, but by means marking his retirement 
from active life, a a step which would have been unthinkable to a man of his 65 
energetic nature. The third period of his life began when he organized the a 
- engineering firm of Snow-Weaver Industrial Management, specializing in the 
rehabilitation of industrial concerns. At this time he was elected secretary 
of the Pennsylvania Water Works Association, which office he held ‘until'his 
- death. He rendered invaluable service to this organization, aiding: in the 
‘maintenance of its membership and participating in the enlargement ‘of 


‘functions. At its annual inacting in October, 1940, he w was elected an honorary 
life member of the association “in recognition of pioneer work and outstanding 


accomplishments i in matters relating to public water supply.” 
; 

5 Since his services ‘as consultant were still in demand, he foun 

as engineering consultant to the board of surveys of the District of Columbia 


on the water works system of that District. In the early summer of 


he was appointed consulting'é engineer to the City of Harrisburg. Tt was while 
was at City Hall on October 28, 1942, that he suffered the hemor-— 
thage which caused his death on the following morning—thus concluding an 


active life covering a period of sixty years. 


we, Mr ‘Snow was proud of his profession and labored unceasingly for the wel- + se 
faite of engineers in order that hey ‘might be granted their proper place in 


. civil and national life. ‘ ‘He had a burning passion to bring about organiza- Ae 


among engineers ind’ ‘spent freely both of his time and « of his ‘money t to 


accomplish this end. Chiefly responsible for founding the Engineers Society 


of Pennsylvania, he became its president, and, in recognition of his services to 
that association, he was made an honorary member in 1937. so, he was a 


a past-president of the Philadelphia Section of the Society, a member of the 


_ American Water “Works Association, and a Registered Professional Engineer — 

n Pennsylvania. 


Bs A movement fcr state registration of profession 


in 1908 by Mr. Snow, although not much was 


for some ) time, — The first real achievement was made when the Hon. John K. ee 
q Tener, then Governor of Pennsylvania, appointed a committee of five engineers, a 


with Mr. Snow as chairman, to conduet meetings in different parts of, the 
state | to formulate a law for the registration of professional engineers. 


1921 such a law was passed licensing professional engineers in Pennsylvania os 


This was contested and declared unconstitutional by. the e Pennsylvania ‘Su- 
preme Court. “Mr. Snow, still “undaunted, continued the battle new. bill 
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we was ‘drafted as to meet the of the one; 
and, after persistent efforts, this law was passed in 1927. Agni a 


a 4 Fins “ok During the course of his public life, Mr. Snow wrote a great many reports, — a 

aa ‘ _ probably numbering several thousand. These are of permanent record in the q 

a also his broad grasp of affairs, his keen analytical ‘mind, and his 
judgment in appraising the conditions pertaining to the case at hand. He 


ne? AG: ship: and numbered among his friends men prominent in the fields of engineer- ie re 


wrote numerous technical papers and frequently appeared before municipal, 
= ‘professional, civic organizations to present papers current topics. 
a Active in civic affairs, he always could be found consistently advocating mea- 
i E a sures he deemed beneficial to the general public. He had a wide acquaintance. 

aN Snow was a member of the Church and of both the York 


‘Ses Snow was elected an Member of the American Society of 
Civil Engineers on June 4, 1895, anda “Member on May 3, 1904. + 


OF JOHN RODGERS SPELMAN, M. Am. Soc. C. 


: ae John Rodgers Spelman was born at Quincy, Mass., on February 18, << 
is . 2 parents were William DeyErmand and Julia Frances (Rodgers) Spelman. 
He was educated at the ‘Albany (N. |. Y.) ‘High, School and. Pratt Institute, 
Brooklyn, N being “graduated from the latter in 1891. Participating in 
= athletes during and after his school years, he was captain of the Institute 7 
ce football and baseball ll teams ai later ofa club f football team called the “Colum- 
Be bians” on n whose roster were » the names of men later distinguished i in business 
ee and professional life, His father was a Civil War veteran and, for a time, 4 
was supervising architect for the Standard Oil Company, His grandfather, 


ee aes, Capt. Benjamin Root Spelman, was 2 a charter member a and, from 1850 to Se Be j 


pan 


a of the Union and later to become the 2 New York National Guard). eto: 


Mr. ‘Spelman began his career with George Fowler, consulting 
New York, N. in February, 1892, on mechanical | engineering, and con- 
struction work, — Ind uly, 1893, he left Mr. F owler to go with Thomas A. Edi 
a: son, m, the inventor, as a draftsman and a assistant on. heavy ‘mill construction. — 
From September, 1894, until J uly, 1895, he was engaged in private practice — 
making ‘Teports to the Brooklyn Building Department in behalf of Property _ 


_ rom Se ptembe ber, 1895, to May, 1898, he was draftsman and de- i 


_ signer for | the late Henry Rk ‘Worthington, M. Am. Soe. C, _E, E. W. Bliss | 
by Malcolm S. Spelman, Assoc. M. Am. Soc. C. 
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MEMOIR OF JOHN RODGERS SPELMAN 


Company, and the Oana’ Electric Company May, 1898, t to ; 


ing in designs, plans, apecifications, ‘and inspection of, steel 
- concrete construction, he supervised the designs of three new car houses for 

* the. ‘Metropolitan Street Railway Company and alterations « of fourteen other 

_ car houses. He directed the design of sections of subway and elevated struc 

fi ture work and the checking of design calculations for the Public Serviee Com-— 

¥ mission on the Second Avenue, Third Avenue, and Ninth Avenue elevated 

% railways, including the design of the Second Avenue and Third Avenue (Har- 

_ lem River) Bridge and the Putnam Bridge. In association with architects, — 
ihe designed ‘steel frames for office buildings, hotels, and incidental I structures, ies 
; ‘tat From. June, 1917, to- March, 1918, he was ee and construction engi- <Re 


bridges, other work, costing about. $1,000,000. . From March, 
- 1918, to April, 1919, he was chief engineer for the Foundation Company on a 


it te 
‘oud a ¥ $9,000,000 project at Edgewood Arsenal, Maryland, on a large chlorine plant; 


ee railroad, water, and sewer lines; housing; and power plants. Oontinuing with 
—  - the Foundation Company, he served as resident engineer until April, 1920, in 

t az charge of the design, specifications, field location, and supervision of ‘con- 

- struction of crusher plants, residences, schools, water and sewer systems, 


t  narrow-gage railroad for ore cars, highway work, and incidental structures for 
¥ 4 the Midvale Steel Company to procure magnetite iron ore from the Sterlin 
Mines, near Sterlington, N. Y.. The total cost of this work was $750,000. fany 
te Resuming his private practice in J une, 1920, he became consulting and 
supervising engineer for Nassau County, New York, on the design and con- __ 
4 struction of the ry Beach Bridge ($1,000,000) and the Bayville Bridge near 
_ Oyster Bay, N. . ($400,000), and, associated with William J, Beardsley, 
architect, on the and additions to the Nassau County Court House 
at Mineola, N. Y¥. For private interests, he planned and Supervised th 
- qgeetenetion of the Atlantic Beach Bridge ($500,000) snd was consultant on 
the filling, bulkheading, and development of Atlantic Beach into an excellent — 
as resort . As consulting engineer for the Town of Southampton, Suffolk Count 
_ ew York, he designed and supery rvised the construction of, the Westhampton 
% Beach Bridge ($100, 000). For private companies and individuals, he fur- — 
_nished plans and specifications for a warehouse and several small apartment — ea 
buildings. Associated d with | architects, he was engaged in the structural, steel] 
design of schools, theaters, and large residences, 
pi In the fall of 1931 Mr. Spelman gave up his i age in New York City, and 
practiced ived sine 
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for the latter organization. ~ ineer for Milliken Brothers from 
the a 4 he served as estimator and McCord from April, 1904, to 
a April, 1904, and for Post and Mc — 
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1907. Having previously a consultant to this growing 
: = (with ; a population of more than 15,000 in 1930), in 1982 he became engaged | 
- _ in the planning and construction of the greatly increased electric power plant 
owned operated by the municipality; and finally, in 1935, he was ap- 
a pointed building commissioner. Because of his extensive experience, he 
ved own department work but was engineering con- 
For the eight years prior to 
“his. death, he carried iniveitigntions for dwellings, 


commercial buildings, etc., costing about $9,000,000. the time | 


ag tell 
‘property o owners in heating conversions, alterations and 
additions, as well as responding to the requests for help from firemen, onal = 


mas. Ly 


He actively: i in tennis, bowling, hunting, g, fishing, and 
ee ing; and he was an ardent baseball fan. He was an officer for many years | a 
= the Rockville Centre Tennis Club. An exempt fireman and a member of the 7 
_ Exempt Firemen’s Association, he was a charter 1 member ¢ of one o of the volun- 
 teer fire companies and contributed many years of service. . He was acharter — 
member and deacon of the Rockville Centre Presbyterian Church for several : 
ye ars, but he joined Saint Marks Methodist Church in 1926. He was at mem- — 
ber of the Massapequa Lodge No. 822, Free and Accepted Masons, and served — 
on its management committee for seventeen years. _ Also ‘he belonged to the 3 
Masonic Club, the Long Island Lodge of Perfection, and the Council. of 
Princes of Jerusalem. He was a Republican and a member of the Rockville _ 
the professional organizations ‘of which Spelman was a mem- 4 
~ pe ber were the American Concrete Institute, the American Society for Testing 
ree Materials, the Engineers’ Club of New York, the New York State Society of 4 
Professional Engineers, and the Society of American Military Engineers." He 
was licensed in New York State as a professional engineer, an architect, and s 
Mr. Spelman possessed great patience and an faith in God and in 


id 


‘and landmarks in 1 the ‘community where he lived 


Maem to his long atid « useful | life. Quiet- mannered, deliberate” in thought 
and action, and responsive to many ‘requests for help from ‘any one, 
les of race, creed, or color, he maintained an outward calm despite many bweie 
trials and personal hardships. Failure to’ save his strength while helping 
ey a friend was a contributing cause to his sudden p passing at the a age of seventy v4 


On january 19, 1899, Mr. to Elsie ‘Rankin 
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‘ Sandy Spring, Md. The Stabler family _were Quakers of Yorkshire, England. ? 
Edward Stabler, Mr. Stabler’s great-great-great-grandfather, ‘came to cand 
- sylvania from England i in 1753 and later moved to Petersburg, | Va. His great- 
zz great- -grandfather, ‘also. Edward, lived as a boy and young man at Hillsboro, | 
i: . Va., Leesburg, Va., and York, Pa., and in 1792 he opened the Stabler apothe- 
shop (later the Stabler- Leadbeater Apothecary and Museum) in Alex- 
‘Va. Harry Stabler, grandfather, was | born in Alexandria 


and died at Brighton, ‘Md. Herman’s father, George Lea Stabler, was born oe os 
: at Brighton in 1844 and was to Annie Dickinson | (Cotton) ‘of Phila- 


delphia, Pa, in 1868." They had t three ‘sons, Russell, Lea, and Herman. 
Herman attended three Quaker schools, a school in Maryland for five 
years, Pacific College at Newberg, Ore., for one year, and later ‘he was a < 
student for four years at Earlham College, Richmond, ‘Ind, ‘from which he 
was as graduated i in 1899 with + a Bachelor of Science degree, At Earlham Col- 
- lege he developed an interest in civil engineering as a lifework. In addition 
to partly 1 working his way through collge, he was active in athletics. One 
_ year he won the state championship in pole vaulting, and he “used” ‘to admit 
with a smile that. “he could outkick any opposing fullback and succeeded in 
Minning one football with a score of to 0 by a kick from the 45- yd 


for about two y years in and e engineering at the National 
pondence Institute in “Washington, where he learned that the best way 
really learn mathematical and engineering subjects i is to try to reamed § 
In 1902 he took the first ‘evil servi a 
irrigation engineer, and, on December 22, 1908, he was ‘appointed | a 
aphic aid in “the: U. “8. Geological Survey to make “investigations on the 
economic aspects of pollution’ of water. first field work for the Geological 
urvey was a study of pollution of the Schuylkill River, Pennsylvania. In 


1905 he was assigned to a project’ conducted in Sees with the State 
Memoir prepared by William Hoyt, | M. Am. Soc. 


ality — tect. In addition to his 
aged 4 and Stewart Rodgers Spelman, survive him. 
lant Mr. Spelman was elected an Associate Member of the American Society of 
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MEMOIR OF HERMAN STABLER 


various sewage disposal plants, . investigated textile factory. 
ned acid-i -iron waste, and distillery waste. The last named involved a sojourn of 
2 several weeks at a distillery where high and low grades of gin and of corn and “= 
‘<= a oe whiskies were made. He there “learned the difference between good and 
; bad d liquor and the therapeutic value of corn oil.” He there devised a plan, 
Tater put into ‘profitable practice, : for ‘the conservation of distillery waste, 
previously discharged into a stream, and its conversion into a concentrated — 


io Sadi Cooperating with the State Board of Health of Rhode Island in 1906, he 
ej investigated various sources of pollution of the Moshassuck and Woonasqua- 


ths ~ tucket rivers, but, as he reported later, “the c continued unsanitary ‘condition of 


i 3 these streams offers olfactory evidence that my work there, though interesting — 


and | instructive, had little practical effect.” He continued his field work 


sanitary: problems. through 1906, being engaged « on investigations in in Pennsyl- 
New York, Towa, New Mexico, ‘California, and Nevada. ‘Returning 
to Washington in 1907, he assisted in the nationwide studies of quality of 


water and denudation, which were then under way, and devised a ‘scheme for 4 


the mathematical checking and industrial application of water analyses ex- a 


pressed in in ionic form,, a system ‘that is still being widely used. Although Mr. 


a Stabler was engaged on problems of sanitary engineering relating to ‘stream = 


q Ry _ pollution for a period of only about five years, his written contributions “were 
£ 


“outstanding and are still authoritative. During: that period he was the author, 
either alone or with associates, of the following _Water-Supply Papers relating 


0. 179—“Prevention ¢ of Stream Pollution by Distillery Refuse” ; 
0. 186—“Stream Pollution by Acid-Iron Wastes”; hoaalorab 
ont No. 284—Chapter on “Denudation” (with R. B. Dole); Sc 
o. 285—“The Purification of Some Textile and Other Factory, | Wastes! 
wid No. 0. 274— “Some Stream Waters of the Western United States, with Ch ‘ 
edd ters on Sediment Carried by the Rio Grande 
though he was no longer directly connected with sanitary engineering — = 


after about 1908, he never lost interest ix in quality- of- water problems. For a 
SUV 


brief “period in 1920, he served as acting chief. of. Geological Survey's 


uses: of ‘water it in “Manual of of Chemistry,” ‘yy Allen Roge 


When quality-of- water investigations were temporarily discontinued i in the 


engineer with the U. 8. Reclamation Service on design. and review of andeel 4 


and the of studies for publication. “In August, 1910, 
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0. 898, “Ground Water in San J alley, Calif. » (with. W. C. Menden 


hall and R. B. Dole), and No. 429, “Ground Water in the San Jacinto mene 


an intimate firsthand knowledge. of the ‘West, its’ tesqurces and its” 
problems. Thus, he was able to take an active part in formulating federal 
policies concerning: conservation and use, and, early as 1920, he assisted 
in organizing’ the work and procedure | of the Federal Power Commission and in 
drafting | its early rules, regulations, and orders. 
| Fro rom 1922 to 1925 Herman Stabler was chief of the Land Olassificatio 
4 Branch of the Gecleiical Survey, i in immediate charge of all matters relating 


reports outlining general development ‘programs for the the West.» He was in 
4 direct personal contact with many of the field surveys an and joined expedi tions 


making the first. complete surveys through ‘Glen and the 


- of the Grand Canyon. Expedition of the Geological Survey iz in 1998, he had the 
7 distinction of being the one person in the party who was not at some time y ; 
- either upset or thrown off a boat in passing through the ‘rapids. » This ac- 
Bi, complishment was typical of his tenacity in sticking to a problem. oboautiy aif 
eg His more important contributions to technical literature on this: subject 2, 


during this , period include a mimeogra iphed report on the “History a and Purpose 
of of Lands by the Geological Survey, with Special Reference 
to, Forest Lands” ; “The Rise and Fall, of the Public Domain” abstra ct 


"Convention of the American Society | of Oivil Engineers), published: in Civil 
Engineering, Septem mber, 1982, pages 541-545 ; and a ‘mimeographed 
entitled “General Diseussion of the Open Public Domain and of Its Grazing “a 

Resources.” For the Colorado River Basin he planned and gave general 


“supervision to surveys, investigations, the preparation of maps, and three 


_ major water- utilization reports (Water-Supply Papers N os. 556, 617, and 618) © 
_ outlining ‘plans for effective conservation of the water " Fesources of the entire 


basin. 


the Secretary of the Interior 


of | he returned to the Geological Survey and for about a year was engaged ce tm 
ch eipally in a study of ground-water resources in southern California. There 
of — 
nd 
te, pelated to the availability and use of water on the public domain. ‘These | | 
necessitated determination of developed and undeveloped water-power re- 
sources, classification of land as to irrigability or non-irrigability, feasibility 
iz 
mg — 
ex: of the United States) with respect to mineral, power, and agricultural values. 
Mr. In this capacity he supervised the taking of an inventory of the national 
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| Colorado River problems. 


1995 of his death, he was chief of the Conservation 


lands. operations supervised included about 125 permits for development 


8 E of power and about 2,000 leases of producing mineral lands with output valued 
at $125,000,000 to $150,000,000 a year. When Mr. Stabler took over Pi, 


asa engineer, an expert on peoblenis, and a land- 


as adviser to the Secretary of the Interior and to a 
on to the use and development of the public 


rdless of ‘whether they were employees, associates, or employers. 4 


OK ee Into his duties as an administrator and public servant he carried the high 
standards that exemplified his private life. He had the ability to obtain and 


the confidant of many in all walks’ of life with respect to personal problems. 


In view of his wide knowledge of ‘the several branches of engineering and of — bs: 
a related d legal: problems, his associates, | administrative superiors, and the 4 
Congressional Jeaders sought his advice and valued. his: helpful suggestions. 


ny times by those who contended him on’ technical or legal points 


sound scientific and mathematical methods of thought and 
powers of analysis. To these were added great keenness and delicacy of 
a i perception, intuitive and sympathetic. insight, inte’ human minds and 
motives, and a rare capacity for lucid expression. These are indeed 
= _ unusual combinations and when, as ‘in his case, they are ‘united with 4 
ae personal standards and a high sense of public responsibility, — 
the result is a citizen and an official of the highest type.” 


_ All engineers i in federal, state, or private employment ar are indebted to M Mr, 
oS Stabler for his outstanding efforts | in ‘their behalf. . Through active work on 
a committees, he was responsible i in part for the Federal Classification Act, 
labored hard that the principles of this ‘Act might be extended throughout 


ta ite > and | private | practice and 80 raise the basic standards of anaes for 


public: lends of 25. 1920, ‘on tend 7 
és - included in national petroleum reservations, and on tribal and allotted Indian 


.-—- as chief of the Conservation Branch he was s already well known — a 


VAs a ‘Quine ie was but only so long as he believed justice, 
and honesty prevailed. Aroused by a worthy ¢ cause, he fought openly, 
squarely, and generally successfully with those with whom he disagreed, re- 


Bi hold the respect and confidence of employees and administrators alike and was a : 
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Washington of Sciendte, Washing tos of Engineers, 
of Washington, Cosmos Club. and Federal. Club’ (past 
president) of Washington, and Columbia: Country. Club, Chevy. Chase, Md. 

‘He served the American Society of Civil Engineers.as Director from 1935 to Bees 

qe and also was on many important committees of the Board of Direction. es 
n polities he was independent. His religious affiliation. was with the orthodox 
ranch of the Society of Friends. has fos 
reason of his. outstanding qualities as leader, ‘his as a ‘public 


love of life as such, , Herman Stabler will be missed and d mourned b d by many. aur 


November 1, while on the Ohio assignment, he was married to 


‘Bertha R. Buhler of Washington, D. C., who surviveshim;: 
Stabler ‘was elected an Associate ‘Member of the J American Society of 


ivil Engineers on. November 1, 1910, and a Member on November | 27, 1917. 
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MILTON GERRY STARRETT, M. Am.'Soe. 


Mitton Gerry 24, 1861, in Fran ection, 


NG, ‘son of James Hf. and Theresa (Morgan) Starrett. He was educated a at 
Francestown Academy, and was graduated from ‘Tufts College, Medford, 
-Mass., as a civil engineer with the degree of Bachelor of Mechanical Arts in 


1886. ‘His ability as a mathematician ‘won him’ “the” position i 


In 1889 the late F:''S. ‘Pearson,’ Am. a. Soc. 

neer of the West End Street Railway Company of ose Mass. , and e. ae 
_ predecessor as Walker instructor, made, him assistant chief engineer in charge ay 
4 3 of construction of t of two of the company’s ] 8 large power houses, ix in connection with © Pd ; 
= the changing over r of the entire horse ra railway system to o overhead trolley. In : 
; he capacity Mr. Starrett designed a high brick stack for a railway ioe: 


house which was followed in many power houses with much; siiocess, 


*For memoir, see Transactions, Am. Soc. By ‘Vol.  LXXXVIL (3924), 1402, 


— wm 

‘professional men. With respect to younger or underpaid engineers, he fought — 
that their compensation should at all times and in all places reflect 
4 ing and specialized training’and that their general economic stand- _ 
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under of about one wea? built. to design, 


bis February, 1891, to February, 1896, he was chief. ‘engineer of 
Brooklyn Rapid Transit charge of. the entire. street 


February; 1896, he coined the: Street 
_ New York) as assistant chief engineer. He had direct ‘charge of the design, 
Be construction, and operation of ‘the underground trolley system and cable road 

Sh in both electrical and mechanical | departments, including track, rolling stock, 
; ite and power stations. In 1901 he was made chief engineer. . In 1906 he estab-— 
7m tions and reports, appraisals ¢ and valuations, for public utilities and bankers i mel S 
Buffalo, Amsterdam, Cooperstown, N. Y.; Worcester, Mass.; Nashville, Tenn.; 
Norfolk, Va:; San‘ Francisco, Calif. ; Halifax, N. S., Montreal, Que. and 
Toronto, Ont., Canada ; Jamaica, British W ‘West Indies; and Sydney, N. 8. 8. W. 
From 1915 to 1983, when he retired, he was associated with ‘the late Lewis 
«zB. , Stillwell, M. Am. Soc. 0. E., on various engineering Projects, the last of 
being the Holland and George Washington Bridge construction 
ae on which they were consultants to the New York Port Authority: = 8 8 
Be: Bae During the periods mentioned, in which he had | direct supervision of work. 


4 


amounting to. more than $50,000,000 in n the vicinity of New York, he 


man n and an engineer, Mr. Starrett had the respect and “4 


= 


“ his associates. He was of an unassuming nature, always thoughtful mF con- — 
iderate and ready to assist in n any problem brought to him. 
1905. Tufts College honored him with a degree of Doctor of 


ew: He was an Overseer of Tufts College from 1902 to 1907 and an Alumni Trustee | P 


On December 28, 1893, he was married d to Ruth, Morrill, who hi 
Mr. Starrett was elected a ‘Member of the. American Society of Ciyil Engi 


ss the son of William W. and Elizabeth A. (Roberts) Storra,’ In his early child- 
hood the family moved to Concord, N. H., and it was there that he. 
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ools. his. and 1 working 
engineering firms of Charles Lund and Foss and Merrill. 
& From 1890 to 1911 Mr. Storrs was connected with the Concord and Mon 7 


and the Boston a and Maine pailréads { in the general field of railroad engi 


‘neering wo work. under Frank A Merrill, chief engineer, was 


arge of con ruction. of the _ Whitefield and Jefferso on Extension 
; in 1891, the ‘Waum and ew Boston branches i in 1892, all of the contract — 
work on the White Mountain: and Concord divisions, 1 the, Sou ather ern Division 
of Nashua, N. “including stations, engine houses, br idges,, masonry, 
the construction of the Boston and Maine Railroad sho Concord i 


Highway Engineer in cha 
construction of highways in, the White, Mountain region, building the, Lafay- 
_ ete Road which runs from Profile Notch, N. H., to Twin Mountain, N, H., 
and the road from Twin Mountain to  Fabyan, N, 


ve In 1906 Mr. Storrs ® established his own engineering firm in Concord, which 


‘ sion,’ and from 1918 to 1930 was a member r of the Commission, being its its chair- 


man from 1928 to 1930, inclusive... rst of 
Throu hroughout his entire engineering career, Mr., Storrs centered his interest 
in the construction of bridges and was as an authority in his line of 


ab Mr. Storrs was a Republican but was not active in gett until 19338: when 


4 tinesd to hold by biennial reelection until his death, thus fulfilling his wish 


Ma. Storrs was a charter member of the ‘New Hampshire Good: Roads 


- League, which was a forerunner of the New Hampshire Good Roads Associa: 
tion, o] He was also a member of the Boston Society of Civil ‘Engineers, the 


American Water Works Association, and the Independent Order of Odd 


married to Carrie Etta Dow ‘of Contord 


en 


survived by his widow and ‘one’ son, Edward Dow Storrs, also 4 chvil’ 


Mr. | Storrs was elected a Member American Society y of Civil Engi- 
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William J ohn ‘Thomas, the son ‘of J J. W. “and Elizabeth (Caswell) ‘Thomas, 
er = to + born in 75 i in the little coal ‘mining town of Moingona, Iowa, \ which was ; 


‘made famous in 1881 by Kate’ Shelly. This fifteen-year-old daughter of 
farmer, on a dark and stormy night, crawled on het hands and knees, over ia 


of ‘across the Chicago and North Western Railway Compatiy’s ' bridge 


had plunged off the ‘damaged bridge into the river. Her heroic efforts 


ae ee ‘rescu! ng two ‘of the men und in stopping a limited train before it ‘reached 


After finishing school in a, Mr. Thomas enteted Towa State 
College at Ames and was graduated with the of Bachelor of Civil Engi- 


“neering in 1895. In 1916, he was awarded the degree of Civil Engineer: 


ay began his engineering work as @ structural steel draftsman with Uni- 
Construction Company in Ill., after which he spent three years. 
a8 structural steel checker and designer for Lewinson’ and Just, in N ew" York, 
a ON. Then he w was s employed for two years by ‘American Bridge Company in 3 


4 "Brooklyn, In 1903, he was assistant engineer, Structural Steel Division, 


forthe Lackawanna Bridge Company at Buffalo, N. In 1904, hes was with 
: if ‘Milliken Brothers, New York City, and, from 1904 to to 1908, he designed steel — 


work for Lewinson and Company of New York. ody: te 

On July 18, 1908, he began an engagement as chief engineer r with George 

bes Post and Sons, Architects, of New York City, continuing in this position for 

an tions for ‘many. important buildings and also directed the outside -superin- 

tendents on building projects. | sid Isiaasid ot 
During World War I, as assistant project manager for, George: B. Post an 

te Sons on work for the: United States Housing Bureau, he directed the ee’ 

tion: of the of ‘Craddock, V for ‘civilian workers of the Portsmouth 


M. Am. Soc. ©. E., the late Milo S. Ketchum,’ Hon. M. Am. Soc. E., 2) 
Wilbur J. Watson, M. Am. Soe, C. E, E, R. Graham on the « committee 


AS aay which prepared the Standard Specifications of the American Institute of Steel 


3 er From J uly, 1927, to February, 1928, he | was 5 chief engineer of the ‘Wallin: 
af Company, General Contractors, New York City. From February, 1928, to 
1932, he served as chief engineer for Irwin and General 


* Memoir prepared by George L. Christy, M. Am. Soc.C. 
For memoir, see Transactions, Am. Soe. C. E., Vol. (1988), 
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‘years. During this period. he designed structural work and 
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of Philadelphia, Pa, ‘During this he had: of about 
- twenty-five million dollars’ worth of work. ‘The following is a quotation from from 


4 letter written i in 1933 by Mr. Irwin: aish ebing of 
“We consider Mr. Thomas one of the most experienced and capeble 
‘structural designers i in the country and a very competent Am. for solv- 
ing any engineering problem presented tohim. © - 
| “Mr, Thomas is a man of the highest integrity and character and while 


ployers, together with a splendid spirit of pote ses +4 with all those with 
id 39, veh Ge exist! aw 
Mr. Thomas passed away at West New Brighton, N. J, 


1985. His widow, Mrs. Sadie Thomas, survives him. 


ARTHUR CLARENCE TOZZER," M. Am. ‘Soe.’ 


‘aid: | Diep ‘SEPTEMBER 9, 1942 
Arthur Clarence Tozzer was born on July 18; in Lynn, son 


the fall of 1898, He was graduated with the. of Bachelor 
Science in 1902 and in 1903 received the degree of Civil Engineer from the ae 
Thayer | School of Engineering at Dartmouth. While at Dartmouth he 


member of the Chi Phi. fraternity. siting) 
., During his college days Mr. Tozzer th sey as assistant engineer on con- 
struction of Dry Dock No. 2 at the Charlestown, Mass., Navy Yard. From 
— April to December, 1903, he was assistant engineer in both. atid and field with 


Henry Engineer of Brookline, 


acted as timekeeper , assistant superintendent, and for 


‘the Foundation Company on pneumatic foundation ‘construction for | 


a 4 August, 1! 1904, to J anuary, 1905, Mr. Toner served with the. Phoenix : 
* Constructi ion Company of New ‘York ‘City on engineering design and super- : 
vision, of construction on an experimental tunnel (freezing method) of the 
‘Pennsylvania ‘Railroad Company in connection with the East River tunnels. 
Fro rom February to November, 1 1905, he ‘was with 8. Pearson d Son, Inc, as 
| engineer and superintendent of construction on these tunnels, and was placed 
special charge of the i inst ‘allation of the air 
In these rst three years ‘out of th Thayer School, Arthur ie ir showed 
talents which later became ‘outstanding i in his life—that is, emonstrated 
to his superiors his willingness to accept responsibility and he proved his de- 
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asionally a bie 
inventiveness, but all he acquired habite of and upright living 
were to guide the remainder of his life. ni 
aa ae ree November, 1905, he entered the employ of the T urner Construction Com- 3 
ae pany as superintendent on | the construction. of a a ‘factory. for Kenyon | and 
a Company in Brooklyn, N. Y. The Turner Construction Company at that 4 
Pe time was a small concern engaged in building construction, doing less than 
half milliot dollars of ‘work a year. The contract for the Kenyon Company 
et ys amounted to $67,000.’ Reinforced concrete, of which this building was con- 
was in its infancy 80 far a8 commercial usage went. There was not 
precedent to guide | a young superintendent in charge ‘of one of his | com- 
pene s then largest contracts. Personal responsibility was at ‘a premium be 
cause things that are > done with | most other building materials i in the laboratory, — 
in the | shop, o or. in the fabricating yard, ‘under routine ‘supervision a and con ntrol, 
; pee to be done in the field on a fast~ speed schedule. Integrity of design and a 
integrity of execution. were vital. Tozzer. handled his first concrete build- 
i ing job so well and “enjoyed his work so much that he remained with the 
Turner Construction Company until his death thirty-seven years later. 
‘N we this more than a third of a cent ury 7 of active practice of his profession, 2 
t eae was personally in . charge ¢ of the construction of more than 300 buildings. — 
These totaled in cost probably more than $100,000,000 and 
every known type of building i in America, from small factories and’ warehouses 
to a great $25, 006, 000 ar army base! a 5-r mile long bridge, schools, churches, office 


to As’ the Turner Construction n Company grew’ ‘from a ‘modest little" conberh 


ies to one of the e great building companies of the United States, doing in eevee 

ee of Mr. Tozzer’s death approximately $90,000,000 of business, ‘Mr. Tozzer grew 

| it. H e was appointed g eneral superintendent in 19 1913 and ‘manager of 
the’ newly opened Boston, Mass., office in 1916. was recalled to New York 
* ae to be executive manager of the South Brooklyn Army Supply Base, a $25,-— 
000,000 ‘undertaking, 1918, In In 1919 he re rned to the e Boston office 
vice-president and general manager and in 1928 he returned ‘to New York: as 

executive vice-president, which sition he’ retained two or three years. 

- before hi g death. He was elected a director in 1928 and had been’ member 

of the ‘Committee of the Company bray “Years before he 

passed sed away. _ Throughout this long span of of always conscientious endeavor, 


e gave e to ‘the Tumer Construction Company the utmost of his broad 


Sa 3 On J une 1, 1916, he was married to 1 Dorothy LaCroix, and they had three : 
daughters, Edith Howard D. Jordan), Caroline (Mrs. ‘James 0. Bu- 
chanan), and ‘Dorothy. In 1937 Mr. Tozzer was divorced. On “September 

28, 1987, ‘he was married t to Isabel N. Kellers and adopted as his ‘stepson, 

ames MeW. Kellers, Mrs. Tozzer and all of the children ‘survive him. 
Ny Sask 19% his Alma Mater, the Thayer School of Engineering, elected him an a 
We ih In 1942 he was further honored by Dartmouth by being elected an 


"honorary member of Phi Probably few things in his life 


we 
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_. him-more pleasure than the recognition by: th 
‘his outstanding contribution to his profession. isn 
1983, at’ a time of great national: stress and of: lias 
‘ | ing industry, Mr. Tozzer was elected president of the Associated General Con- 
tractors of America (A. G. ©. ), th the leading organization of the construction 
industry. This was at the time of the NRA (National, Industrial .Recovery 
Act) codes. Mr. Tozzer’s year as president was about as) important one 
the. A. G, ©. has had im its many years of existence.. He ‘brought to this im- 
organization. all, of his energy and | power, of organization. He did a 
_ splendid job in coumection with codes. He continued as a member of the so- 
galled, of that organization until, in 1940, a a cardiac dis, 


Tosser was, a ‘of the American. Ooner crete The. ‘Engi- 
eers’ Olub of New York City, the. Architectural League of New. York City, 
Dartmouth. Club of New York City, and the Scarsdale, GN. x, ) Golf Club, 
One. of t the outstanding features res of Mr. Tozzer’s 
and great success in handling labor matters for the Turner Construction Com. F 
-«Rany.. He. had « dealt with union building labor practically | all his life and for 
x many years had directed labor relations for the Turner Construction Company, 
i His conduct in these vital and important matters brought him into intimate 
b ‘relationship with the leaders of, the building t trades’ movement, i in, the United 
tates, Winning their confidence and ‘respect, was one, his. outstanding 


He was called to ‘address t the United States . War in 1938 and 
ae and was a frequent speaker at contractors’ banquets all over the. United 
"States and at dinners of the Turner Construction Company., He had an easy 


“manner on his. feet iy always had something ‘important to say to, his svdinnen: 


4 


on April 4, 1905; an Associate Member on February 28, 1911; and a Member rep eae 


Mr. Tozzer was elected ad union the of, Engineers 


Alvin: ‘Dumond Wilder was born om Angest 4, 1885, at Oakland, Calif.) the 
son heat Alvin Dumond and Mary E. geet nares . He was graduated from 
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times was evidence that they felt that he really contributed something to their 
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ALVIN DU 


igh: school i in Oakland é in 1902 and from the College vali © 
the University of California, at Berkeley, in. 1908. paths 


Repth His father was superintendent for the Southern Pacific Railroad Company f 
Oakland. ‘With this background it: was only natural that at t the start'< of his 


From 1911 to "1915. she was designing engineer eer with the Panama ‘Pacific 
Exposition Company on the design of wharfs, ferry slips, roads, ‘sewers, electric 
lighting, and streets. he was in charge of structural design in : 


va Industries the Horticulture Building; kind the Tower of 


ara From 1915 to 1917 Mr. Wilder was assistant engineer w with ‘the Spring Val- 


% “ley Water Company of San Francisco, Calif., on plans for future development, 


and was ‘also in 1 charge of construction. He wa is engaged ‘as a a contractor on on 


California state highways ‘during 1917 and In April, he went to 
a Canada for the engineering firm of Sidney E. Ju unkins Company, Ltd.; ‘with — 


bat 


headquarters in Vancouver, British Columbia. His’ first assignment wa 
investigation and report on large undeveloped hydroelectric power sites | 

_ British Columbia for the First National Bank of Boston, Mass. ‘He was then 

in charge of the layout, design, and’ construction of stockyards for the Canadian — 

Pacific Railway Company at Calgary, Alberta, Canada. After being made 


vice- -president and cl — engineer for the J unkins Company in 1900, 5 he was i in 


the lining of the five-mile Connaught Tunnel: reports on power developtnent 


and economics of electrifying the railroad through the’ Selkirk Mountains; 


aa. 


: deep- -sea pier and passenger terminal at Vancouver; and foundations for | a 
——-2,200- ft railway and highway bridge over the Saskatchewan River in Sas 4 
katchewan. In addition to this work for the Canadian Pacific Railway Com- e 


pany, he also prepared plans’ for harbor development for the Vancouver Board 


_ of Harbor Commissioners, and made an appraisal of the Parliament Buildings — 
at Ottawa for the Wilder ret to the United | 


in 1931 we go to Hawaii as general manager of a plantation. 
In 1983 he was appointed state director for California ‘of | the F ederal : 

Stanaiee Administration of Public Works, and held this position ‘until 1937, 

during which pe period he. _administered, the construction of fiye hundred 

a a thirty-one projects of various types, involving a total cost of $171,025, 000. Ih 
1987 he became executive ‘secretary of the ‘Housing Authority for the City an 
County of San Francisco. : In 1938 he was appointed director of the Depart- 

_ ment of Public Works for the City and County of San Francisco, and held thie 

_ important office until il the t time of his death. vive 

Mr. Wilder was an engineer and executive of exceptional ability in his 
untimely death the City of San Francisco and the engineering profession haw 

ss suffered a great loss, ve He was a man of genial 
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which won the liking. not only of those who worked / with him, but also of all 
others with whom he came in contact. He was ‘a member : of the Delta Kapp 

Epsilon fraternity and the! Family Club of San Francisco. 

_ He was married in 1917 to Emilie Middleton, of San Francisco, who sur 
him. He. by: two Alvin 


‘at West. Point, N. in 1942. His, son, J 
Francis, is a s a midshipman i in the United States Navy. 

Wilden, elected a Junior of the American Society of Civil Engi 

“neers on 6, 1908; an Member on December 6, 1915; anda 


EDWARD GILBERT WILL AMS, ™M, A 


William one of the Mayflower party. an! 


Although attended the Russell School in New ‘Haven, Conn,’ and ‘the 


His engineering career began as rodman on the 


reporting..« on. mining of the Caribbean Company, in 
charge of surveys and the collection of ¢ data. si After ‘returning home and until 
anuary, 1894, he was in charge of the ; party locating a line from ew York, 
cy. Y., to Brewster, N. Y., for the New “York, New England and Northern 
Railroad Company. _ When this work was completed, Williams did miscel 


aneous engineering A. B. Hill Company-of New Haven... —- 
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nt 3 on his father’s ship, trading between ha xacting teacher, the son 
“Gilbert Williams, who was a thorough and ex mgcon- 
Gi fitted him to become a leader among 
owed many of the fine qualities that fit dated from the Shefield Scion 
__struction men. In 1887 Mr. W | 
ind 
Wyoming. er’s office in New Haven. In 
7. «His for the contractors on the extension of 
he left to become sport, Md., to Cherry: Run, W. Va. 
his 
iim 
his 


; 


gineer dor the remaining there! until: 1908 


the City’ ‘of Washington, He went with 


work, and» when The J. G. White ‘Engineering Corporation ‘was 


- formed i in January, 1913, he became vice president in charge of construction. 


ie In this: capacity he was engaged on the construction of many steam and — 


hydroelectric stations, irrigation works, and industrial -plants in the United 


States ; and also dams ont irrigation weekend in Chile and Mexico; railroads i in 


ied When in a reminiscent mood, Mr. ‘Williams liked best. to talk “oh his 4 
experiences with the San Blas Indians: in Colombia, the building : of the Long 
ie automobile parkway, his. connection with the ‘Yale Bowl, the construc- 


the ability to entertain his friends with of 


ee In addition to being a a member of the ) Mayflower Society, Mr. Williams was 


tee 3 a member of the | Society of Colonial Wars and of the Sons of the Revolution. 


i a Until the close of his active career, he was for many years a member of the — 


Engineers Club and of the Lawyers Club of New York. At the time of 


death he was a member of the ‘University ‘the Yale, clubs of New. York. 


He became a member of the American Institute of Mining and Metallurgical — 


_ He was married on J uly 25, 1897, to Alma Heitman, who, with three so 
Gilbert, Norman F., and Edward W., survives: ole 


Mr Williams was elected a a Member of the | American Society of Civil En- 3 


JOHN WILLIAM ‘'WOERMANN, M. An. See. ac! 


illiam an and 


n issued a call for 
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of the City of Halle, in the province of 3 


asa in Fourth Mis- 
 gouri Cavalry. On July 10, 1863, his company was captured, and the men 
in the Belle Island Prison until December 27, 1863. 
John William Woermann received his’ preliminary education in the Divoll 
Grade School, and, after completing three years in St. Louis Central High ok 
Schoo l, he entered the College of Engineering at Washington 
the same city, where he completed a five-year course in 1 civil engineering, being 5 
graduated with the degree of Civil Engineer i in 1890. He was elected a mem 
ber of ‘Tau Beta Pi, the honorary engineering fraternity. 
Immediately after leaving college, he the ‘services « of the 
Engineers, S. Army, with whom he was employed ii in various capacities for 
“ ‘the greater part t of his life. He» was first recorder on . secondary triangulation, on 
provang at on surveys of the Missouri River from the ‘headwaters to F ort 


the rapids in Rock River at Milan, Ill; and later resident « engineer in charge 
; Of construction. At first, this work included building the guard lock, a’ tock- 
filled erib dam across Rock two miles: of’ earth | and rock excavation, 
seven ‘Tainter gates, about a mile. of parallel’ embankments in Rock River 
(riprapped on both swing bridge, railroad ‘bridge, a 
concrete culvert under the’ canal; ; and other ‘miscellaneous projects. “The 
guard lock, known as No. 80, was the first concrete lock ever built in the United 
Dating his years a8 resident from May, 1897, to 


on location of the and (Hennepin) Canal around 


the Hennepin Canal, and miles 24 to 29 of the feeder for the peer canal. ‘Thi 
work, indiuded: on the canal trunk (part peat bog), canal 


4 
For three years, from 1908; ihe: was in’im- 
mediate charge of the surveys, maps, plans, and estimates for a 14-ft waterway 


Chicago, sto St. Louis. The secondary and 


nois. ‘and Des Plaines about 800 ‘sq q miles of the adjacent bottom 


-eontours 1 ft apart. Later, Mr. Woermann grepdeed plans and estimates for — 
a lateral canal, and also for a 14-ft waterway from St. Louis to Oairo, Tl. aoe 


For thirteen years, from March, 1909, to June, 1922, he was principal 
q % ‘sistant tito division engineers; first for the Western Division, inspecting projects, 


harbors on Michigan: and the improvement of the 


In J ay, 1999, he became principal assistant to the District. Engineer at 
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the Illinois Waterway (the Sanitary District of “eran wi reclamation of 9 


eer For nine years, from November, 1930, until the time of his ‘retirement, m 3 
was senior engineer and principal engineer in ‘charge of the Hydraulic and 
_ Report Section, U. S. Engineer Office, | Chicago. In this capacity, he prepared _ 


_ diversion of water from Lake Michigan, the preparation of a new 9-ft canali- 


eae zation project for the Lower Illinois River; the ‘opposition to the purchase | 


a miscellaneous letters and reports relating to various subjects, including the — 4 


0g = me the United States of the canals now owned by the Sanitary District of Chicago, 


At the of the Engineer Officer, the time for his retirement 


At various times. during his career, when government euien were not avail- 


and, between the work on larger projects, he was employed on private 


work. For eight months, he was inspector in charge of dredging the Chicago 


River and its branches in Chicago; and, for three years, he was resident e 
meer on construction of the Illinois Traction Company's bridge across the 


the: mouth of Des Plaines River) and consulting ‘on. drainage and 


levee projects, reinforced concrete and miscellaneous engineering 


Painstaking and 1 thorough in ‘all of his work, he was not satisfied until it 
Paes * Sie ‘was complete and clear. His standards were very high. He was a good execu- 
ee des __ tive, having the happy faculty of getting the best results from those who 
served under him, without causing any yfriction, av 
x5 His writing was clear, concise, and interesting. Ass a student, he 1 was editor 
aes of Student Life, the Washington University paper. He prepared two tech- — 
nical papers: “Concrete Construction on the Illinois and Mississippi Canal” 


: and “Construction of a Low Timber Dam across Rock | River,’ ? which were pre 


or sented to the Engineers Club of ‘Be Louis, and published i in its Journal. Also, 4 ; 


he wrote many official “reports. He had considerable ability as an amateur 
ey photographer, gaining much ex experience in connection with the survey 0 of the 
e —— Missouri River (above Fort Benton)... He made a complete photo- 
- emahie record of the construction of the Hennepin Canal around the rapids" 
in Rock River.at Milan. Several of these photographs were used to illustrate ‘ 


his technical articles. He prepared an article on the Mississippi River for _ 


always was deeply interested in the engineering of which he 
was a member, and took an active part in their affairs. He was a past-predi- 
ae ie ‘of the Engineers Club of St. Louis. He attended 1 many meetings of ri 
was present at the at both the 


: was extended one Later, he was employed as expert con- 
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Club of ‘St. Louis and the Engineers Club of ‘Hex was a 


Engineers Club of Engineers Club of Chicago;.] In- 

ternational Association of Navigation Church, 
Woermann was with his associates and other of the 


“auditory talks s had b been made 2 by colleagues, a of letters and 
4 telegrams of. ‘congratulation were read, and he was presented ‘with beautiful 
_ watch, on which had been engraved, “With affection and esteem from your as- ve 
ociates in the Chicago Engineering District.” 3 “af st 
A brief. outline of Mr. Woermann’s work appears in. Who’s Who in Eng 
neering, Who's Who'in America, and the International Who's Who. 
Bee. October 15, 1891, he was married to Elizabeth Graff Honens at Milan. 
To them were born two daughters, Kisie (Mrs. W. E. Kling), and Lillian 
(Mrs. Raymond Lee Ward). ig aby OF TERY 
Besides his widow and daughters, he is’ ‘survived by four: geandehildren 
(Robert Everett Kling, Everett Woermann Kling, Elizabeth Jane ‘Ward, and — We 
Dorothy Lee Ward), two brothers (Frederick C. Woermann, M Am. Soe. Cc. rae 
E, ‘and Harry A Woermann), : and a sister (QMrs. Marion Robards) 
‘Mr. Woermann’ was elected an Associate Member of the American Society 
of Civil Engineers on May 1, 1895, and a Member on May 7, 1902. He became | JR 


Drep June 5, 1 942 ais 


Herbert Scan in Battie v > was born in Grafton, Mase: on October 11, 1884, 


the son of Capt, bas Wesley Battie and Lizzie (Scandlin) Battie. He was 
2 graduated from North Carolina Agricultural and Mechanical College ege, , at Ra 
leigh, in 1907, with the _ degree gree of Bachelo r of Science in Engineering. “ann 
“From 1907 to 1909 he served with the McClintic-Marshall Construction 
yg ‘Company of Pittsburgh, Pa.; did laboratory work at Cornell University at 
Ithaca, N. and was with T. C. Thompson and general contractors : 
= of Birmingham, Ala. From 1910 to 1912 he was employed by the Pehneylvania 
z Steel Company of Steelton, Pa., in the Erection Department—working out and 
q methods including the proposed 
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Quebec also Scherzer and spans, built in 


se tions. He also served, during this time, as resident engineer on the Municipal © 
Building, New ‘York, ‘N. and on various the ‘New 


New York City as draftsman, Lai 
AF During : 1912 and 1913 Mr. Battie worked for the Virginia Bridge and I + 
‘Company of Roanoke, Va.,. detailing various: steel structures. ln 1913, co 
: ities in this capacity, he transferred to the Roanoke Bridge Company .o 4 
Roanoke. ‘For the remainder of 1913 and during 1914, he was employed by é 
vee the Scofield Engineering Company of Philadelphia, Pa., as resident engineer __ 
a bridge at Plymouth, Pa. il mood Det 
® In 1915, and for part of 1916, he was with the Southern ‘Bridge senate of 


~ 


in 1916 he was appointed assistant to W. B. Spiker, consulting engineer ¢ of 
‘Atlanta, Ga., on the design of structural steel and reinforced 
Mr. Battie served in the U.S. Army, as First Lieutenant, 212th Regiment of 

he Engineer Corps, from 1917 to January 21,1919, 

_ At the close of World War I, he returned to his position with the American | 
‘Bridge Company in. Chicago, remaining u until he was called home: to ‘Greens- 
boro, N. C., of his father’s illness. ows (bts al 

a | From January to November, 1920, he was with the Carolina Steel and Iron 


r. During 


pany on the sale of caleulating n machines. In 1926 he returned to the ¢ Carolina | 
‘Steel and Iron Company, remaining 1g until 1929. For the next several ‘years 
he was with the U. S. Geodetic Survey and also served as an inspector with 
Ay Froebling and Robertson. Again, from 1940 until a few weeks before his 
death, he was employed by the Carolina Steel and Iron Company. ciate 
On March 8, 1928, Mr. Battie was married to Katherine Campbell of 
Among Mr. Battie’s varied inter ests were the construction of radios, the 
ay trends of the stock market, and the study of history. He was a Mason and 
took a great deal of interest in the building | of the Masonic Temple i in Greens- : 


boro. A member of the Unitarian Church of Grafton (of which his grand- — 
father had been the ; pastor), 1 upon moving to Greensboro, he joined. e First 2 


Church and, for many years, was its treasurer, 

Mr. ttie spent many years i in Greensboro, serving in many capaciti 
e was widely known, and his inquiring and well-developed mentality was r 


by his many friends and acquaintances. = 
a _M. Battie was elected a J unior of the American Society of Civil En 
1 December 1, 1908, and. an, Associate Member on September 12, 1916, 
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MEMOIR OF CHESTER ROBERT CHADWICK 


Robert H. Chadwick and Annie (Tomlinson) Chadwick, B 
; as Mr. Chadwick attended the elementary schools of Langley, 8. 0., and was 
graduated from the Academy of Richland County, South Carolina. In, 1904 
_ he was graduated from Worcester Polytechnic Institute at Worcester, Vane, 
with the degree of Bachelor of Science in Civil E ineering. 
Entering the employment of the American Bridge Compan wil New 
x in the same year, he with this company pa 1909, 


as draftsman and checker, squa’ | chief in charge of mill and office building 
rawings, nd, later, as designer and bri dge d 


System), 


New York, a a designer and draftaman. in the bridge of 
electric zone improvements. February, 1910, he entered the services 


- Milliken Brothers, Ir Inc., New York, ‘where e was in charge of the designing 


nd engineering department. His during this period consis of the 
of several office, loft, and apartment buildings; two complete sugar 


"mills; and a number of other types of mill buildings, = 
cn toe October, 1912, Mr. Chadwick became ame affiliated with the ‘National Bridge 


«designing, estimating, and laying ‘out. a proposed new plant. _In J anuary 1918, 
was appointed plant 1 manager in charge of operations. this company 


: with the latter: until 1921. “He as ‘assistant to t the 


- _ charge of operations of the Lachine Plant which had a capacity of 6,000 tons 
month of fabricated structural s steel. Tn this ‘connection, during World 


| Hog Island ships and for fabricating ‘shell cases for the British Government. 
se During 1922 and the ear early part of 1923 he was ‘associated with the late 

_H. G. Baleom, M. Am. Soc. ©. E., of New York, on the design of structural 

steel for office and hotel buildings. diel od 
a In March, 1923, Mr. Chadwick entered the employ of Stone and Webster 
Engineering Corporation, Boston, Mass., remaining with this Srna until, his 
death in 1942, except for two short intervals. . On leave of absence from Stone 

z and Webster, from May, 1929; to February, 1930, he acted as works manager , 

for the Ames Shovel and Tool Company of North Easton, Mass., in charge of 
plant: operations and plant rehabilitation. In 1982 he left Stone and Webster 


Memoir prepared by G. R. Strandberg, M. Am. Soc. B. Bigelow, Stone & 
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engineer ‘of the’ ig’ Iron at Redding 
holding this office for the following three years. oe “a 


industrial 


projects, among which were the office building for the Insurance Company 
“America in Philadelphia, Pa, ‘the Piney River Plant of the Southern 


ridgeport Brass Company, Conn. later years, 


was engaged mainly in preparing reports n the property and busi- 
mai ustrial concerns. 19 40, 
he initiate the 


ny large industrial concerns. . a, in 


% 


of the Ordnance Works for the U. S. 
Wags This was on one of the first of the new high explosive plants constructed for the z 


ey defense program in World War II, Later he was associated on similar work for : 


A other large ordnance plants, seme engaged in this work at the time “I 


hoe Mess Intensely | in erested in his work, Mr. Chadwick was loyal to such an ex- 
ks tw tent that he ‘always shouldered more than his share of responsibility, at times 
to the detriment of his own well-being. He | Possessed an extremely pleasing 4 


personality and was highly and loved _by all his associates, 


personal life was quiet and simple. He wr ey sailing and was a m 


‘Chadwick was married to Fay A, Billings of ‘Northfield, Mass., on 


“May 20, 1915. ‘He is survived by. his widow two. sons, Capt. Robert 


in slo betas Quds 


Chadwick was ‘elected a J unio the American. Society of Civil 
: Engineers o on February 5, 1907, and an patnttes Member on February 28, 1911. 4 


Less then 5% of the Society membership of ‘United 
ss States, and of this 5% certainly the greater part was born in that country or 


there. Ih preserving a record of the life. of José Santiago‘ 
eet J oseph J ames Corti) for the annals of the rer ‘it seems pertinent to call — 


by Lanark Miler, J “Assoc. M. Am. Boe. Cc. 
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mber at the time of his 
“ge ee entered the Society as a young man and was a Life Me —— ee 


orti:; Great constancy, a capacity for, and love of, languages, and a: cosmo- 
‘politan thirst for knowledge i in the lines of his profession. those who knew 
him can testify, these traits were combined with a high degree of modesty’ and 
cordial. willingness to impart knowledge to others. While’ still quite: a 


and of of his adoption (Argentina) « where, at that time, theoretical studies ‘were 
pursued, ‘often without regard to their effective applicati flow, 

José Santiago Corti was born on May 5; 1861, in Videm, . Austria, where his 

maternal grandfather was engaged in forestry. father, also José, 
Italian and came of a family skilled in construetion ; his mother owas Teresa 

_ Qlareoncie) Corti. ~The: family immigrated to America in 1868, when José 


) was seven years old, and settled in Buenos Aires,’ Argentina. “eid 


The boy could then speak Italian, German, and Slavic, but, finding no 
couragement among hie early school: companions to retain “ latter two, he lost 
‘relearned German 
to use technical books, also’ even the French and 
At the age of twenty his first employment took him’ to the western | provinces ‘eo 
“Cuyo”—that is, San Luis, Mendoza, and San Juan, where his lifework was _ 
estined to be. From May, 1882, to September, 1885, he was assistant engineer 
in charge of relocation and on the Andino Railway, the first to 
each the Argentine Andes. It was built as a’ government enterprise and 
was cold to an Englich Somipatty. “While employed as division 


Aires in June, 1887, a few years after this degree had been established in ‘this ei : 


of Civil Engineer, which he x ‘received the University ‘of Buen? 


4 
After: completion of his railroad’ work with the construction of the’station 
buildings in the City of San Juan, sefior Corti settled in that city. He oe & 
— and analytical geometry in the Engineering School, and road making, cS z 
topography, and descriptive. geometry in the School of “Mines. During this 
period (1887-1895) he was also employed by the Province of San Juan on ‘irri- 
_ gation work and river r defense, and i in 1895 he headed a national commission 4 
charged with planning reconstruction in the City of San Juan after a‘severe 
earthquake (1894). For a brief interval (February to August, 1898) he was 
chief engineer for the Oity of La Plata (Province of Buenos Aires), but for 
family reasons preferred to leave that ‘post and return to San Juan where, 
from 1894 onward, he was employed by the national government. pe 
hb 1900 he was transferred’ to mee more pen city of Mendoza 2 as head 


‘he. City of and the Town of Guay and built several 
ay across-the 
ot 
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this period sefior Corti taught mathematics es and in the 
‘Mendoza School of Grape and Wineculture. (later incorporated i in the Univer: 
i sity of Cuyo). His advice was much sought in private practice. It is a mat- | 
= ter of : record that he designed the first reinforced-concrete structures in Cuyo, : 4 
3 a such as s the winevats for the del Bono establishment in San Juan (1908) and 
D. Ricardo Palencia (1905) in the Department of San Martin (Provinee 
Suehi work has -etthined great importance in this. region, and. sefior Corti 
well have achieved financial success. he was: not commer: 


bed, “shown the tray He then would turn to s some new q 
pursuit in which, perhaps, there. would be no material benefits. ff Such was his 4 
in establishing in Mendoza the first astronomical observatory. 

nq His’ interest in the stars had begun when he first used a a theodolite, a While Bs 
- teaching geodesy. in San Juan, he had worked out independently : the four- 

_ tangent azimuth method, only to learn later that Jacques Babinet had intro- i 
duped it in France in (1857, method is taught in the University of Cor- 
doba today under the name Babinet-Corti. “In 1910 he was chosen to locate 

sie exactly the 35th south latitude as arbitrator in a dispute between. the Argentine a 

In 1911 an intimate friend. of sefior. Corti; D; Juan Carullo, an Italian 

banker, conceived the idea of in Mendoss 150 mariel houses to be cold 

in charge of his friend sefior "This building com 

teens, with some twenty houses, and under sefior Corti’s direction the im- 
_ struments were installed. _ They consisted of one equatorial of 6-in. _ apochro- 
matic, objective, one Bamberg universal, one Bamberg transit two 

and two electrical pendulums. These were imported from 

até a cost of a 000 (United States currency), and with them sefior 


Cérdoba, and (2) for use in teaching practical astronomy to students of 
the Mendoza high school (Colegio Nacional). The banker, sefior Carullo, 


himself becoming an enthusiastic amateur under sefior Corti’s guidance, but 
eae their financial plans failed in the general crisis of 1918 and everything went 
 to.ereditors. That the instruments could be retained in the Province of Men- 

a az Bet ‘ doza is due to the persistent devotion of sefiors Corti and Carullo, and to the 
a. providential circumstance that the banker in 1930 won the first prize in the : , 
12 ‘Montevideo. (Republic « of Uruguay) lottery: (about a half million dollars ‘in q iA 


tat _ The observatory .is now installed in 2 Avenue Emilio: Civit with official s sup- q 


port, and thus will realize; i in part at least, the plans of its ts founders. -Tocom- — 
plete the story it must be mentioned, with ‘regret, that Carullo’s bank 
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|  datitude with a probable error of 0.015. 
_ It was planned to offer this observatory to the government: with the idea 
BS * oe = - it could serve a double purpose: (1) For use in studying and photograph 3 
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failed again and, unwilling to go. time; life. 
Dhis tragic end to a former associate was not the eloud ‘that 

the later years of J oseph James Corti: His oldest son, Julio José Corti, who _ 
studied electrical engineering at Cornell University in Ithaca, N.Y. (i wire 

1910), and mechanical engineering at Brooklyn Polytechnic Institute 


Brooklyn, N. Y. lived for seventeen years in the United 


| 
Sefior Corti; one of the most gentle and oft men, as po 
‘a co plete politcal turnover | took pla ce in | 


post as be, ordered. had never taken part in and, betause 
: of his kindly, modest ways, hi had made no ‘personal eneiies. mere factof 
association with ‘certain people, however, was: sufficient excuse or is 


people i in the plots him were 
ded and helped’in difficulty’ must hive ‘bee 4 
to after a years,’ ‘and by’ bringing suit 


Argentine nation, , did he finally obtain his rights, and his accumulated pension <e 


Corti enjoyed the respect ‘affection’ of his ‘fellow citizens 


Board of Education, fo time director- -general of education 


the Province of Mendoza. While’ holding the ‘latter office, ‘he éstablished the 


existed during his it no doubt would’ have 
benefit of his personal activity, since he was ‘a born teacher. ’ This talent had 


5 ite chief outlet i in n the education of his own sons, ‘which he watched with ee “a 
voted care. It was his custom to leave daily, on each boy’s desk, some mathe- Bee Bes. 
matical or other problem, expecting to find ‘it ‘solved’the next day. He/would 
then criticize, correct, or praise the solution, ‘demonstrate a shorter one, or 
Sefior Corti was & founder’ member of the Rotary Club e stablished in a 
doza in 1927. “He: took great interest in its activities, serving as president in 
and his and comradeship have made him ‘exceptionally 
well reme n mbered. On the third anniversary o of his deat th, the organization 
- d icated a ‘bronze tablet to his memory, and the principal of the 1 Mendoza high. Ea “oh 
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“He inspired us with by precision of con- 
vietions. Direct i in speech, erudite but simple, he went straight to the fun- 
«bi damentals of every problem as he faced it. He never sought glory or per- 


sonal advantages : his ambition was ‘to serve others with honesty and 


5 Few ‘members of the Society knew sefior Corti personally; yet, in future a 
yeara, m many may have occasions to cross the Andes between Argentina and Chile, 4 e 
where the gigantic statue of Christ, erected he Corti’s direction, stands on 
the international border, _ They may see the observatory or other traces of his 
activity in Mendoza. It will be a satisfaction to reflect that one of the eee & 

most of civil | engineers was a member of the 


- ferino Corti, who received the degree of Bachelor of Science i in 1 Economies and 


(onde Corti, a certified accountant Rafael 
Benjamin Corti, a cattle expert; Alberto. Antonio Corti, a lawyer; and 
Ernestina Teresa Corti, a professor of languages. Two grandsons, J osé Guil- 


ig 


oe, -lermo Corti (who received the degree of Doctor of Mathematics from | the Uni- 


s further proof of sefior "Corts 
He was a member of the Sociedad de Ingenieros Civiles; the Yc Ne 


cional de Ingenieros; Sociedad Cientifica Argentina; Mueseo Social Argentino; 
Society (Washington, D. ©.); the Centro Mendocino 


born 11, 1877, a at Kingston, 

the son of Henry Dennison and Ella _(Schoonmaker) Darrow, On his 4 

mother’ s side he was Holland- ‘and descended from a family that ‘settled 


in Esopus (later Kingston), N ie “sn 659. In 1899, he was graduated from > 
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J une to December, 1899, Mr. ‘Darrow went to Chicago, TH Tl as recorder 
for the Ss: Engineers. In 1901, he ‘was employed ‘as assistant engineer at 
the in Chicago, but shortly thereafter left to go with the 


work: Still remaining in 1908, bo, 
Thomas Phee and Company, a a contracting firm frm. 
a 1906, Mr. Darrow was employed as superintendent for the Columbia: 3 
“Improvement Company of St. Croix Falls, Again, i in 1907, , he changed 
‘Northern 
Railway Company : § St. ‘Paul, Minn. 1907 t to 1911 he. was in Utah 
Idaho, and Nevada on irrigation | projects investigating water ri hts, survey; 
” He lett the 1 western part of ‘the country in 1911 to go ‘to Maurer, N. J. a8 


superintendent for the Barber Asphalt Corporation. in 1916, he Te 


Darrow strove to make this ‘Plant: one of the piothinat industries “of the Tri- 
ities—that “group of three towns ‘in Minois (Veriice,' Madison, and Granite 
Yity) which constitutes the “East Side” heavy industries area of the St. Louis, 
Mo., manufacturing region. During t yrs? period, he greatly expanded the 
tivities of the ‘company, particularly ‘by modernizing the buildings, by con- 
ere new paint and boiler plant units, and ‘by stepping up the roofing — 
At the time of the disastrous Mississippi River flood in 1927, he promptly 
organized numerous crews of volunteer workers for the repair’ and 
- thent of the levees at Venice and Madison against’ the encroachments of the oN 
and it ‘was: largel y due to’ ‘his generalship: and his” 
efforts during those hectic that the East Side was saved froma devastat- 
‘3 ing flood such as inundated so much other valuable territory farther south. 
or many years he was: presi¢ of the st Side” Manufacturers Associa- 


of the Dutch Reformed: Church. political 
On September 27, 1939, Mr. Dartow became ill quite suddenly and was 
a confined to his home. During the following summer, he recovered partly and 
- seemed on the road to normal health | again: but he suffered a relapse’ in “the 
fall, from which he never fully recuperated. DOTA. 
‘He had a fine presence, | a dynamic personality, and commanded the’ respec 
‘of all who knew him and had thé loyalty of all the men under him. |A’ nen 


lover of dogs, for many years he had a pair of pedigreed Schnauzers of which 


Cornell University, Ithaca, N. Y.. He was a member of the Alpha Tau Omega 
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wife to his son, and was all his many friends and 

associates both in St. Louis and on the East Side. et ‘outs 
i dn Mr. Darrow was elected a Junior: of the American Society of Civil Engi | 
. neers on February 6, , 1900, and an Associate Member on December 1, 1908. yea : 


WILLARD LIVERMORE GORTON, Assoc. M. Am: Soc.C. 


- Wiltard L Livermore Gorton was born in Eau Claire, Wis., the son of Wil- 


q liam Eddy and Mary (Livermore) G Gorton, June e 18, 1881. early educa- 


tion was obtained in the grade ‘schools of ‘Warsaw, Ind. rom ‘there his 
moved to Oklahoma, where, he entered the preparatory, school of the 
aes University, of Oklahoma \ at Norman. % He then took the engineering course at 
ae the University of Oklahoma, being graduated with the degree of Bachelor of | : 


in Mathematics in June, 1908 
_ However, while at the University, he was initiated into engineering work 
eS ‘ea x as tapeman and rodman on a part of the construction of the. Missouri- Kansas a 

and Oklahoma | Railroad at Coffeyville, 1 Kans., in the s summer of 1902, From 
October, 1903, to May, 1904, he was s employed hy Burns ‘and McDonnell, con- 

sulting engineers: of Kansas City, Mo., as instrumentman on surveys f for a 
3 We P water works and sewerage system and | on laying out a system of, street g rades 
} for Chickasha, Indian Territory (later the of -Oklahoms). Also, 

canal and reservoir cureeys ys for the Milk River Project. i in . 

November, 1904, he was transferred to the North Platte, Interstate Project, 

4 being promoted: to assistant engineer in January, 1907. Here che displayed 

distinct ability as chief of party on the surveys of a large part of the second __ 

ee x division of the main canal and the corresponding distribution system. He 

en was’ appointed resident engineer on the construction (induding struc: 

tures) of this project...) ) ll to fle. 

(Mr. Gorton showed exceptional executive and engineering ability in build- q 
ing a distribution ‘system on a 40,000- “acre tract of land under 


“McConnell,? M. Am. Soe. C. E, had engineer 
- the Central District of the U. S. Reclamation Service and who ,had m7 Be 
y accepted the position of chief irrigation engineer for the J. G. White Com- 


1 Memoir prepared by Andrew Weiss, M. Am. Soc. C. 
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d ‘ 
for 
— 
— 
of 7} 
> 
q 
— 
3 
= 
the 
= 
— 
the 
a a This work, followed by equally distinguished service in the initial stages of 9 Spee 
mi 
wa 
— 


pany, 


for the Bureau of Publie Works of the Government of the Philippine Talands: 
On July 4 1912, he was 8 appointed irrigation engineer: ‘anid, J 


= public committee dor plecina a valuation of rates with the Manila Electric 
Company and as designer and ‘supervisor ¢ of repairs on the old bri ridge « 


Manila which had been damaged badly by a typhoon, 

Concerning his work in the Philippine Islands, Warwich Greene, director 
public: works, commented as follows: bas 8 To 

addition to the regular duties of the above positions,! Mr. Gorton 
oh discharged many special technical and administrative duties for this Bureau 


Wis garni aul of. biogl 
Gorton was apprecia r his ad. for his services, 


Government in a very manner and I take great 
aA - pleasure i in testifying to his unusual capacity as an engineer, to his excellent oe 
"ability as an administrator, and to his personal character, * * * We.con- 


RIS 


sider him one of the ablest engineers and administrators that have ever nee 3 


employed by this Bureau.” es faite 
co-worker and friend, George G Wa ith Mr. 
the Philippines, wrote a letter of which the following i is a summary: cs 
410 ‘ “Like all big men, Mr. Gorton was entirely unassuming, patient, pains- 

_ taking and hard working; kind, generous and unselfish; capable of meeting 
any obstacle and overcoming it; strong and reliable; courageous and never 

compromising with -what he ‘considered wrong. qualities which 
: te Philippine friends remember were his gentleness, genuineness, geniality, 


quiet humor, and thorough sympathy with and readiness to help: others, a4 


wherever and whenever such help was asked or needed.’ Iw ods bet 


Following this period of distinctive eorvite in the Philtiipitite)’ Mr. Gorton 
spent some months, February to June, 1915, traveling in China, J) Japan, and 
the Hawaiian Islands. On his return’ to the United States,’ he ‘aédepted the 
Position of chiet on and ‘Operation for the 


missioned Captain of Engineers in the U. S. Army, stationed a at Camp’ A/ AL oe bs i 


umphreys, Virginia. He served. | from’ September to December} 1918). ‘when; 
the close of World War his services were no longer necessary.’ AM 


studies from December, 1918), to April, 1919, for the Idaho 


pany. As a result Mr. McConnell invited Mr. Gorton to accept the tion 
iq chief engineer for the Idaho Irrigation’ 
of ehief engineer for the Idaho Irrigation Con ind concurrently the 
pos of construction superintendent for the-d. White Company at 
: 
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of Richfield. “April, 1919, to Decem aber: 81, 1992, Mr. Gorton 
was chief engineer : of the Idaho State Public Utilities Commission. During 
_ this time he placed the first  waluation on most of the public utilities of the — 
The outstanding quality of his service. as chief engineer of the Tdsho 
State Public Utilities Commission is attested in a letter sent the writer by the 
Hon. Raymond Givens, Justice of the Supreme Court of Idaho, who, as at- 
; torney for the Public Utilities Commission at that time, was associated officially 


Mr, Gorton during this period. Ap bart of J Judge Givens’ letter is 


‘Gorton was no only pe competent in "his own. profession, 


man of unquestioned integrity, character, and honesty of opinion, ‘but a 
man of great and broad common sense and understanding, kindly and — 
- gentle, possessed of a strong and vigorous character and personality, he — 
aks was adamant, though in a courteous way, for what he believed to be the 


right and knew to be the truth. He was a real philosopher, which char- 


Fe ak acteristic he applied to and im the practice of ‘his profession, which made — 
him much sought after for consultations and as an expert witness: =" ae, 
and lucid in his expression of opinion and statements of 


investigation, search for, and determination of all pee 
&The civil engineering (profession of the state and | of the nation can 
- well be proud that Mr. Gorton was for so many years an honored member 


thereof and devoted his remarkable talents upon such a high plane to the A 


problems and projects. At this time the Mexico recognized the 
essential need for “irrigation on a much larger scale than had theretofore been 
feasible by private | or corporate enterprise. “As result a a national irrigation 
_ law was enacted, and the Mexican Government initiated ‘its irrigation enter- 


prises by employing the J. G. White Engineering Corporation| to make, the 


necessary - studies . and plans and to build the projects ‘which ‘appeared to be of | 


of which ‘the irrigation anid power develop- 


ent of the. West has ‘echi ed results not elsewhere paralleled to date. : 


first consultants selected by the White Company 


organization for the large task. it had undertaken. a 4 


erience, obtained under widely differing climatic, 4 


Mr. Gorton’s 8 footsteps in Mexico, when, in October, 1 1926, ‘Mz..Gorton’ de- 
to return to. his home and. familiar scenes and associates: in Idaho, 


prey 


The several, weeks apent with Mr. Gorton in, Northern Mexico 1 ‘rior to his 
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brought about a much needed orientation in a new field ond a much nae 
contact with an old and | esteemed friend. 
ollowing’ his return to Boise, he resumed his private practice as ‘con- 
sulting engineer, continuing until the Russian Government induced him to — 
accept a position | as consulting engineer on a vast irrigation program then E 
being initiated ‘in the vicinity of Tashkent, Uzbekestan, U.S.S. R. He re- 
mained in Russia from March 1, 1930, to March 1, 1982, when he sinbiices to 
; his private consulting practice in Boise, after some mnonths of travel i in Berepe: 
. (My. Gorton then accepted the position of chief engineer for both 1 the Boise 
Water Corporation and the Kellogg Water and Power Company. In this 
“capacity, he rendered notable service until stricken with influenza in October, 
19402. This s illness was followed by an attack of valvular heart trouble from 
Like most members of his profession Mr. Gorton was averse to being in / 
the limelight, and, | as expressed by one of his admirers, Ben Oppenh 
: ber of the Industrial Accident Board of the State of Idaho: dito. 


was an ‘engineer, strictly professional, not exactly secretive but 

4 A more of a listener than a talker. What he had to say he put down in ie sae 

__ yeports over his signature. After he came back from Russia he changed. = 
_ His wife persuaded him to talk to her club. He discovered a new field of 


activity. People, he found, were 
became more talkative” 


His many influential friends in inducing to a 
ber of the Board 1 of Trustees of the eee School District of Boise ee: a 


Board the d date of his resignation, 1938. 
In these several positions he rendered ‘most tireless and ‘Bective : 
giving freely of his time so far as his official duties permitted. — _ As a member ty 


_ of the Board of Trustees he had some very important committee assignments rf 
(a) Chairman of the a ire Insurance Committee, initiating notable im- 


to the Whitney School. (His technical knowledan sn and engineering gieteocaee 


Regarding his work on n this Board of Trustees, he resigned 
a to the pressure of business affairs, J. L. Driscoll, President of ‘the First | 


Security Bank of Boise and member of the Board, writes: 


_. “Although avery man in life, Mr. Gorton always found 
time to go to the bottom ‘of all our school problems. | He never failed to 
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 £coal.on a chemical analysis basis, thus enabling the District to obtain 

io 


| Keep in mind ‘that ‘the publie schools are operated for the benefit of 
_, @hildren and he was anxious. that the children receive training of a prac: 

teal nature which will aid later life” fo 


severely. handicapped as of his trouble, true to his 
iy character and stamina, he carried on as well as he could in his consulting work. 
On February 27, 1942, he was appointed d consulting engineer of the U. S. z 

Reclamation Bureau, a fitting and well-earned tribute from the organization 
_ which he served so well during the initial years of his professional career. Mr. 


Mr. Gorton was married to Catharine Sarchet of Charleston, TL, on ‘Octo 
ber 80, 1905. . Their. marriage was a happy one, and to them were born two. 

sons, Willard Livermore Gorton, Jr., -Marquand Sarchet Gorton,. J un. 


Gorton was a man of ‘exceptionally fine and moral 
tf as _ With this he combined fine executive ability and a thorough theoretical train- 
: aa ing which—together with his long and varied professional experience, general 

ia knowledge, and wide ‘culture—made him a consultant of the first order in his 

he chosen lifework. The engineering profession has lost one _of its outstanding 
members in his death. gil) aod at Wes of olive 
Mr. Gorton was elected ‘an Associate Member of the American Society o = 
Civil Engineers on May 8,191. 

ALBERT HENRY ‘GREENWOOD, Assoc. M. Am. Bee; 


‘¢ =) 1877, the son of J ames and Mary (Howard) Greenwood, both of whom were of FE 
English birth. His early education ‘was ‘received in ‘the schools Lawrence. 


After pursuing an engineering course at Dartmouth College, in Hanover, 
_ N. H., he was graduated with the degree of Bachelor of Science in 1899. In 


1900 he received the degree e of Civil Engineer from the Thayer School of Civil 
Engineering at Dartmouth. Throughout his college course he maintained 
exceptionally high scholastic standing. While at Dartmouth he was a 
Alpha Delta Phi fraternity and other college organizations. 


~ During vacations, and for a short time after he we grauated, he did work 


His first important engineering work was ‘performed as assistant engineer 


ay tg 
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in Berlin, ‘Conn., ‘for 3 4 
1910, association with one of the writers, he formed the firm of 
_ Greenwood and Noerr, Consulting Engineers, of Hartford, Conn., specializing ey 
in factory and general structural desi ign.’ He maintained’ this 
“ntl ill health forced him to retire from active practice in 1940. During his prs “gg ; 
connection ‘with the firm he ‘designed and supervised the construction of many 
3 buildings and other structures in Hartford and ‘in other parts of the state. eo 
E sid He was a a ‘member, and at one time president, of the Hartford Dartaiouth a 
Club; a member for many years of the Hartford Civitan’ ‘Club; ; and a life 5. ei 
el In 1904, he was married to 0 Mary A. Gage, of © lah who, with two sons, 
ames and John Gage Greenwood, and two grandchildren, survives him. 
_ My. Greenwood, ‘though of a ‘naturally quiet and retiring disposition, had a 
a fund of of good humor an and dry wit, which, with his readiness to 0 help others - Be — 
with, their problema, whether professional or personal, him 
all with whom. he came in contact. His high character, ‘mental honesty, 


3 and practical experience, which enabled him to use his the eoretical oe 


sit 


to the best advantage, were responsible for ‘the high esteem in which his opin- - 
(3 4 ions were held, both by those for whom he did 1 work, ; and by those who worked — Bs 
a under him. With his death the profession has lost an able member, and many . id 


Mr: Greenwood was elected an Associate Member of the American Society 
«JOSEPH CHURCHILL HILTON, ‘Assoc! Mi Am. ‘Soe. qi 
Joseph. Churchill Hilton was born on November 27, 1872, in Yarmouth 
a Nova. Scotia, Canada, the son « of Bradford R. and Margery (Churchill) Hilton, Pas 
a He ¥ was fifth in direct descent from. a line of Nova Scotia sea captains . 1s and, age 
from the age of. five, spent much .of his boyhood, at sea with his. parents, At 


the age of seventeen he was serving as able seaman on his father’s rs ship 7 The — 


Hotwithetanding his, love of the he attended Acadia 


the tin time the United States was in the midst. a 
; Senter: , and positions were not to be found, so he returned to Nova Scotia 
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as an in instrumentman on 
“Gouna for several years ars until 1899.. ” He then « set out: for ae fields. 1 and 
_ began a remarkable career which took him to many parts of the United States 
South America. For the first two years he employed by the late 
ae Alexander Potter,’ M, Am. Soc. Ea prominent consulting. engineer, 


engineer on various sewerage systems and sanitary. and water supply ime 


- Hilton entered the employ of the late Ira A. Shaler, . con; 3 
for ‘the important tunnel section of the New York (N. Y. Rapid 

; Transit Subway. on Park Avenue, from 33d Street. to Alst 
3 period i is well described by Charles E. Fraser, M. Am. Soc. ©. E.: 


3,0 


_ “Hilton’s job was the driving of the tunnels from 33d Street north- - 
ward. There were two double track tunnels to be built, to be driven in | 
close proximity and beneath an already existing trolley ‘tunnel. 

— , “Subway tunneling under the busy streets of New York was an un-— 
developed art at the time. - Misfortunes on the job were the well remem- 4 


> “Hered explosion of a dynamite magazine in front of the Murray Hill 
of which are oil visibie on ‘the polished granite face eof the 


Hilton. remained unt until the completion. of 


” 
‘tet te end of 1908" tbe dead: 


Mr. Hilton was definitely: in’ the contracting business from this” ‘time on. 
ee os i 1903 he was superintendent for the Bergenport Chemical Works at Bayonne, 4 
and, later in the s ‘same year, superintendent for James Conway on, con- 
Soe a. struction of a sewer system at Millburn, N. J. In 1904, he went to New Oriéens, 4 
Ta, as superintendent for T. J. Shea, contractor, on the city sewerage system. . 
In "1904 and 1905, he was ‘superintendent for the Sand Fi iltration -Corpora-_ 
tion of America, ¢ on construction of a slow sand filtration plant (a large P Project 
 . .. 1905 to 1907, Mr. Hilton was assistant superintendent for 8. Pearson | 
and Son, building the four East River (New York) tunnels for the Pennsyl- q 


Railroad Company. This was a monumental prajest for that day. My 
2 Hilton was in charge of of the tunnels | on the Manhattan side. Great 4 
difficulties. were ‘encountered in driving these 23- ft diameter tunnels through 
the sand, rock, and mud underlying the East River. The tunnels were shield- 
and were lined with cast-iron and steel segmental plates. Compressed 
‘was used at all: times to support the headings. 
Returning to New Orleans, from 1907 to 1909, Mr. Hilton 
- superintendent for Black and Laird, contractors for the new Water Purifica- — 
tion Plant. ca in 1909 and 1910 he was a partner in the T. M. McLeod Company — 
"and ‘worked on a sewerage ‘project in Hackensack, N. J. From 1910 until 1915 — 
Mr. Hilton was associated with his old friend, the late Francis Mason, in the — 
oe contracting business, under the name of ‘Mason, Hilton and Company. Many 
important contracts were ‘undertaken by this company, which was closely 
sociated firmis of Merrill and the McHarg, ‘Barton 


For memoir, eee. Am. Soc. C._E., Vol. 106 (1941), p. 1652. 
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During Worl Wer I (1918-1919) Mr. Hilton teturned 
colleagues as superintendent in charge of excavation and other work for the aS 
‘Construction Company: on the Brooklyn Army Base. ‘This engage- 
ment was followed by a connection with the Foundation Company of New << 


"Conn.; Huntingdon, Pa.; and Bloomfield, N. J. ‘He ‘hen “wenit, for 
short time, with Ballard, Sprague and Company, contractors on plant 
worl; and, from 1922 to 1926, he was ‘with the J. G. White Engineering | Cor- cae ae 
a ‘poration | on several hydroelectric Projects for the Augusta-Aiken Railway and eS = 


From 1926 to 1929, Mr. ‘Hilton’ was again with ‘his old associates of the 


East River tunnels, this time as 8 vice-president. of Fraser, Brace and | Com- 

- pany, in full charge of construction of La Quiebra Tunnel for the | Antioquia — a 

_ Railway, i in Colombia, South America. _ This project included not only build- 2 es 
a tunnel tmniles long, but ‘also purchasing and installing equipment 
suitable for p permanent use in the operation of the railway—a high-head Pelton — 
Wheel installation, compressors, air drills, diesel engines; penstock Pipe line, 
and other unusual features. The contract was finished in three years, within a, 
the original estimates of construction: For these excellent results, Mr. Hilton 
q received great praise from the officials of the Colombian Government, and 
then on he had a great reputation i in South America. 
From 1980 to 19382, Mr. Hilton was. in Chile, with the AmbarsenDam 


QGompany as manager of in| that ‘country.’ 


“for lack of funds. On their way home from Chile, Mr. Hilton and his wife 
8 “spent: the summer of 1932 traveling in Europe, the first and last’ 
vacation period he enjoyed during his working years. ES, 
3 From 19383 to 1985 he commuted to Colombia, first representing Gannett, 
and F leming, engineers of Harrisburg, Pa. , investigating ‘contract 
4 possibilities. (For a short time he returned to the United States as super- — 
 intendent on th the construction of a dam at Reading, Pa.) In 1935, working eae 
for the Sanders Engineering Corporation of Portland, Me., he was in charge a 
of the construction of La Regadera Dam, for the City of Bogota, Colombia. — & 
_ Qn-the oecasion of Mr. Hilton’s death, a prominent Colombian newspaper 
in Bogota stated, “We have had the honor t to know and to be intimately as- a 
sociated with this very distinguished unaffected, frank : 
_ and courteous in all social relations. Mr. Hilton gained the respect of every- re ui 
with whom he was associated in one way or another * 


T 4 From 1936 until his im 1942, Me, Hilton 1 was connected with the Pub- 


4 in and Queens, ‘New York City. “His 
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4 
Hilton. an American citizen’ in 1907. In’ 


tied to Margaret L. Williams of Yarmouth, who accompanied him onall his 
journeys. In addition to his iwige;t is survived. by two children, Sylvia 
j Caroline, a graduate of Cornell University, and Thomas Bradford, a 


McGill . ‘University (Montreal, Canada), an aviation cadet in the U: 
Hilton was an Associate Member of the Athatican Society of 
Civil Engineers « on J anuary 2, 1907, and became Life Member i in January, 


1885, the ‘son of of Frederick ‘and Elizabeth He: 

f early education in the publie schools, and was graduated from Cooper 

Union in New York, in 1907, with the degree of Bachelor of Science. In 

| 1910 he was graduated from Cornell University, Ithaca, ‘N.) Ty with the degree 3 

During the years he attended Cooper Union and Cornell, he with the 

Foundation Company as first assistant to the chief engineer. work in- 

yolved drafting, designing, estimating, and keeping on pneumatic founda- 


AS a tion work for monumental office buildings, bridge piers, mining shafte, and 
: dams and tunnels; later, he was in the field on construction ¥ work. ih addi- 
tion, he inspected and tested s air locks, collapsible shafting, and caisson steel 


ps. at steel mills for use in sinking foundations for the Municipal Building, New | 
a ee Following his graduation from Cornell, he continued in the employ of a 7 4 
SS - _ Foundation Company until 1915. During this time he designed and ee 


estimates for bidding on heavy foundation work; inspected and reported on 
-eonditions for shoring’ buildings; constructed foundation and steel grillages a 


| *y ae for heavy structures including buildings, bridges, and other structures; and 
pe Se assisted in the design and sinking of a 200- ft ‘reinforced- concrete mining shaft. 


When, in May, 1912, he became statistical engineer r for the Foundation Com- 3 ; 

Paes ‘pany, he investigated and reported on conditions of contracts with regard to 3 - 
cost, efficiency of work, and suggested methods of improvement. q 

1915. Mr. J enrick became associated with the Stone and Webster Engi- 

neering Corporation at Boston, Mass., first as.an estimator and later in direct 

and responsible charge of estimating in the construction division. His con- 

‘nection with Stone and Webster was permanent one and las sted until his” 


ay 


seus / prepared by J. H. Hood, W. N. Patten, and L. N. Reeve, Members, Am. Soc. 
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— ss @overed studies and cost estimates of all the various types of construction, — i! ate 
es ™ +.}|= + which were undertaken by Stone and Webster Engineering Corporation, and | 


foundations, cofferdams, buildings, harbor and water works, 
"hydroelectric projects, steam power plants, lines, and chemical 


x 


AS 


His work was always outstanding in that he possessed an uncanny ability > 
: size up complicated situations in a very practical manner, and he could i 
3 substantiate his judgment with the proper estimate of ‘cost, the data for which 
he had accumulated during many years of study and analysis, 
As he functioned largely.as a consultant not only jon design as affected by Yee 
cost, but also on construction in working out: methods to achieve the maximum 
efficienc cy in building. the structures ‘Tepresented by his. estimates, 


in the determina ation of, standard methods « of measuring | quantities 
work and, : for a number of years, was a menaber of the American Conerete In- He 


‘ing with this subject. 
rom m 1928 to 1938, as sie at the 
of Technology, Cambridge, M ., conducting a course in estimating in 
the senior’ year of the curriculum | of architectural engineering. For this work, 


Mr. Jenrick wrote his own text and p paired off the students “partnerships” 

the submission of estimates, While teaching, he showed his unusual merit 

giving intensive and thorough i instruction, and by arousing such interest 


and enthusiasm that this course was one ‘of the ‘most popular 1 with the students. 


Faithful to the duties imposed upon him, he was always ready to cooperate 
ving d difficult problems e even when lack of f adequate details, 


i 


ite the like; would have stampeded o one ‘having less confidence ‘is own 


He was man of simple tastes, conservative in in all matters, bo ‘both personal — 
‘and business, and friendly in ‘a modest manner ‘ to all those who | claimed 4 


attention. . Those who knew him well valued his friendship highly. 


On 1 September 1 10, 1913, he was married at Scotland, Oonn., to Mary M. 
fi "Kathbiny, who, with their children, Winifred A. and William. F,, Jr., sur ves 


Mr S enrick was elected an Associate Member of the American jae 


BOARD. McCLINTOCK, Assoc, M, Am. Soc, C. 
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Aide Edward MeClintock was born on October 1, 1889, in Quinnesec, 


ite 
the son of William Edward McClin and Mc- 
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Since he was tee: ‘and raised i in Michiga 
; ae ait: probably it was natural that he would become interested in some form of chek 


oa neering. Perhaps chance dictated the exact field, because, in J une, 1900, at 


the age of 17, Mr. McClintock began his career as a civil engineer by ‘accept- 
: se ing a job with the Escanaba and Lake Superior Railroad Company in Escanaba, % 
 Mich., as a rodman and instrumentman « on railroad construction. 
ae After four months in office’ work, as bookkeeper for E. F. Bradt in Iron 
ey ix. Mountain, ¥ Mich., Mr. McClintock was employed as surveyor in charge of wih: 

land surveys for the Northern Coal “and Coke Company, in 


\ 


for the Oliver Iron Mining Company, Eveleth, Minn. 
Fora a brief time—April, 19038, until September, P1004 was 
in y general engineeritig business for himself i in Tron Mountain engaged i in ‘sur 
yeying and drafting work. ‘He then spent a year as leveler and ‘topographer 4 
the P. A. and W. Railroad in Selma, Ala. at q 


_—In 1904, when he was well started on his engineering career—although only 

years old—Mr. McClintock attended the Michigan College of Mining and 
Technology at Houghton,’ Mich. While a student, he designed a ‘a method for 
jetting a concrete drop shaft through quicksand. This method was 4 
“toa depth of 200 ft at Negaunee, Mich, 


ze | After a year at the Michigan College of Mining and ‘Technology, Mr. Me = 
Clintock accepted a position with the Rock Island Lines, Chicago, ‘Th, 


transitman ‘and assistant engineer i in charge of of railroad location. This 


<, Wis involved heavy grade and line revision. "While e employed by this company, Mr. 


. McClintock was in charge of a fifteen-man field 3 nad in Kansas, Oklahoma 


uly, 1907, wishing for more travel and adventure Mr. McClintock went 
to Tepic, Mexico, | as draftsman and instrumentman on Tailroad location for 
oad Company of Mexico Guadalajara. He di 
a 2 rected all the heavy Sierra Madre mountain location—making ee 


| 


BA 


Colo, which was followed shortly by his appointment as designer of irrigation 


ah: In 1909 Mr. “McClintock : again went into business for himeelf i in 1 Tron Moieik 
tain as engineer on hydraulic studies in connection with available water power ey 
the Menominee’ Iron Range: His work resulted in the organization of the 
ois. Peninsula Power Company and in the development of several power sites. F 
‘For the next eight years Mr. McClintock was employed by the Union Ps oe 
cific Railroad Company on work over the entire system. He was first drafts- 


af man, then chie ef draftsman, assistant engineer, eer, and aay location engineer. 


doe 
Hen at conf erences, was in charge 
of fifty men in the. office, and directed seven field parties on 
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When wie in: 1917, Mr. McOlizitock and was commis- 
 sioned a Captain i in the Engineer Corps of the U. S. Army. .He was with the iG Fee 


American Force in France and had char ge of 


_ determined priorities, made reconnaissance su surveys, and wrote reports for the ae ; 
Etais Terminal which was constructed when the Armistice was signed. 


"plans and ordered, ‘and disposed of a all and equipment. He 


shovel in the business section of the “Most important in this’ comnection 


i was a special job’ of grade reduction, ‘removing 800,000 cu yd of streets ‘and 
property i in the western part of the business section. As foreman; he ‘designed 
2 and built two crossing fronts and laid out and éupdvintended track laying on a ha > 
30’ curve to handle the 2-6-0 standard-gage locomotive. also designed 
an interesting two- o-floor plan for St. Mary. Magdalen’ 8 Catholic Church, ‘where 
the cut was 24 ft. Rather than lower the entire alter and the 


 Olintook again himself as a engineer 
contractor on roads, paving, sewers,etc. baw dtod 
| bi In 1925, Mr. McClintock returned to the U nion Pacific Railroad Company net es 

as locating engineer .and assistant engineer on heavy construction and grading ey! 
as an expert on valuation. He relocated 20 miles of line from For: 
Wyo., saving $100,000. “over th ming: the line! 
also secured $3,500,000 extra allowance from the Com- 
ali F ‘rom March, 1929, until his death, Mr. McClintoe was employed as 


of all the structures: stockyards, including large” concrete 

frame barns 4 and sheds, exi exchange | buildings, water supply and sewerage works, 
_ some machinery, and electrical equipment. Although it was not pve eA 

_ struction work, familiarity with advanced construction metl methods and costs was ce 

talented railroad engineer, probably Mr. McClintock’s two most notable 

characteristics: were determination and sincerity. He progressed steadily in 

his chosen ‘profession until the. economic depression, and, even during that 
"time when ‘most construction was at a complete standstill, he was’ fortunate 
‘enough to be employed. When World War Il started, he immediately applied 


accepted. He was attempting to secure an engineering position in a vital war ° 
industry when he died. mize, ai 
Mr. MeClintock was married i in July, 1911, to Lillian Bell of Omaha. They 


- had three’ ee children, Robert E., y who died i in 1984 at the age of 18, Claire (Mrs, 


z ‘Bernard McConville), and. Marion. On August 6, 1928, he was, married to 


ae 


Louise Buford of Memphis, Tenn., who, with his survives him." 


for a commission in the Army, but, , since he was over ‘Mlle age: limit, he was not ee ee 
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MEMOIR OF 1 
id McClintock: wab elected ain’ Membér of the American 
Bs of Civil Engineers on December 6, 1915, and a Member on April 14,1919. 
WILLIAM ¢ GRIFFITH MOLER, Ade: Soc. C 


Following publie and private schools, Mr. Moler 
Wesleyan University ime Delaware, Ohio, where he received the degree: of 


Bachelor of Science in 1879../ | Later he received the. degree ree of Master of Arts 


from the same university. In addition, he studied mathematical and 
aif Mr, Moler was a world-wide traveler, a scholar, and an engineer. During 


_ his career as a professional engineer, he specialized in the construction of rail- — 
- roads and highways « and d in th the science of hydraulics, attaining prominence in i 
His first engineering work was in 1879 he made preliminasy vailtoad 

a. surveys: from Lancaster, Ohio, to the Ohio Industrial Home at Springfield, — 
= A Ohio.. _ During the next three years he» taught s surveying, ‘mathematics, i 
Bes | German at the Portsmouth (Ohio) High School.’ He was married to Altos 


ten 


engineer of Greenfield and was the chief of the Ohio pay Rail- 


In 1891 Mr. Moler became associated with his father as a civil and con- 


sulting engineer and. established the firm. of J.D. and ‘William ‘Moler in 


: ime tt Springfield and Charles Town, W. Va. ‘During this period he served as chief _ 
‘engineer for the Kanawha and ‘Gauley ‘Coal and Coke Company, the Ellijay” 


| Land ‘Company’s: lumber railroad, and the Dayton, Springfield and Urbana 


He also constructed and landscaped the Ohio 4 
a ie: Masonic Home at Springfield; built ‘four water works plants ; surveyed ‘and — | 
‘designed | the landscaping of the Natural Bridge (Virginia); and 
desighed several townsites in Ohio, West Virginia, and Georgia, 


From’ 1898 to 1912 his field of activity was transferred to the Republic of 
Mexico, where was s consulting engineer and representative for the 
_ following: The James Leffel and Company, the Pelton Company, and the Cor: 
rugated ‘Bar Company. He also was contractor for the reconstruction of the 
bast _ federal penitentiary in Mexico City ; consultant with the late J. A. L. Waddell, — 
oni M, Am. Soe. E., and the late Ira Grant Hedrick? M. Am. E., 
the firm of Waddell and Hedrick, on reinforced concrete foundations in 9 
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3 ‘representative Riter ‘Conley Steel: Company ; and ‘of 


3 


‘Santa Fe Mining Company of Mexico City. gr 
In 1905 he was chairman of the Mexican ‘Commission m to entertain the So- M a 
ciety’ during its annual meeting in Mexico City. “In 1906 he spent a year in 
Spain tudying industrial development and financing ‘of water power | and re- ae 7 x & 

lated projects. During 1908 and 1909 he took part in the development’ 

La Sautena—a 1 000,000-aere irrigation project in Northern Mexico. It in- sy = 
a hollow dam o on the River, 180 ft and 865 ft long, with 
provisions to use water for | power and light, as well as for the irrigation n of Le ; 


While'li living in Mexico, Mr. Moler became a leader of the: American ‘Colony. 


was a director of the Mexico Chamber of Commerce. Mr. Moler seabanel ia 


the leading | Mexicans of period as his friends, including the late Presi- 
dent Porfirio Diaz. . It was President Diaz who conferred upon ‘Mr. Moler the Pe 


He was president of the Colony and of the Colony’s school board. He also 


_ Phirty-Third Degree of Masonry, the order’s highest honor. His other Ma- 


sonic degrees included: Clark Lodge, No..1 101,, Free and Accepted Masons; 


g ‘Springfield Chapter, No. 48, Royal, Arch Monin Springfield | Council: No, ‘17, 


4 Royal and | Select Masters; and Balestine Commandery No. 33, Knights 


toca 1912 he returned to the United States and was the New York (N. Y.) a 
representative the Corrugated Bar Company of St. puis, Mo.,. _ for 


urchasing engineer pat 
4 


in New York City of the Compafifa Fundidora de » Fierro 


| 


J 

can ‘Chamber « of Commerce of New York, He held many other, fraternal and ne 
4 


part of 1925 in ‘Spai in, studying an developing t the p rand irrigation 
project of the Ebro River, and working on its financing, for. ‘Stone,, Webster 


and Blodgett. In 1986 Mr. Moler was, consulting cl chief ‘engineer of the Rio 


Mr. Moler was a member the Gamma Chapter of Sigma Chi 
member of the American Iron and Steel Institute, and | a director of the Mexi-— 


was an ardent s student of the classics and took. pride in quoti g passages 


from the Bible in Greek and ‘Hebrew. He had a remarkable memory end 


apt quotation from ‘the masters for almost any occasion. or situation. He 


“many friends in in many lands, and he will be long g remembe 


Egypt ” to Christ (Episcopal) Church in Springfield, in memory | of his ‘mother +s 

was and confirmed in this: church and always remembered 

association even though he lived Sa: other places. his | ‘retirement 
in 1989, he he lived for a short time in Charlottesville, Va., where he had ae 


many years awned end mana ged a a large apple orchard; in, Brownsyille,, Tex., 


ot 
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by his Harry B. half- -giaters, ulia D. 


_J.8. Heaume), » Catherine H. H. (Mrs. Ralph K. Fisher), and Mary I. (Mrs. Frank — 


er 1 
HENRY AYLESBURY STRINGFELLOW, Assoc. M. Am. Soc. C. 


mry Aylesbury Stringfellow was born in St. Joseph, Mo., ‘on June 21, 
4887. a His parents were Ella (Aylesbury) and Horace Stringfellow. After his — 
~_ graduation from the Central High School i in St. Joseph, he entered Rensselaer ’ 
Polytee hnic Institute at Troy, N. Y., and graduated with the degree of 4 
aie Civil Engineer in 1910. For several years following graduation, he was in- 

at the Mechanics Institute, Rochester, Y., and then, for ‘several 


years, consulting engineer in Kansas City, Mo., and Detroit, Mich. While in 


he, 


Detroit, he designed the water works Windsor, Ont., Canada. 
ae Mr. Stringfellow then went to the Far East, where, from 1919 to 1998, he 

‘did extensive initket research work for tool manufacturers in J apan, 

On his return China, Mr. Stringfellow wa was ‘a partner | in the 
Be agai tm of Kiersted and Company of Kansas City. During this time he gained — 
Ff a notable reputation in the engineering field and designed _ and supervised 


‘construction of projects in many parts country. Among these were the 


the water supply for Barranquilla, Colombia, South ‘America. 
while employed by the Southwark Foundry and Machine Comipany 
oa (later Baldwin-Southwark Division, ‘The Baldwin Locomotive Works), Phila- — 

delphia, Pa., and by the Elevator tor Supply Company of E Hoboken, J., he 
fected many inventions. Among them was the improved steel cable 
Salt compacting device patented by him and used on the George Washington Bridge | 
at New York, N. In 19365 he started investigation and research work 
ck pull drawing from which the present reactive wire drawing method 
developed. He held many American, British, and Canadian patents. 
eer - ‘In January, 1941, Mr. Stringfellow went to Washington on the engineering — 
cad staff of the War Production Board (W.P.B. ), and, in June une of that year, was” 3 
transferred | to the regional office of the W.P.B. in Boston, Mass. There he — 


A was placed in charge of the steel and metals division. He was intensely E 


in eis: and took great pride in in his work for the war effort. The death of 


3 


gent : aa Eee with his brother; and in Bronxville, N. Y., where he had at one time a gaa: @ 
— home; but he finally returned to the city of his birth May, cot 
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his only son at the University of Michigans at jm 1988 ‘was sorrow 
from 1 which he never recovered. This did much to undermine his health, or 
he died 1 very suddenly on the evening of November 4, 1942 yee his home in “4 
His funeral and burial services, in St. ‘Thomas, Ont, ‘Canada, were 
4 Mr. Stringfellow had many friends. 
character was model of sincerity, kindliness, and His « ‘golleagues J 
all branches of his profession will regret deeply the loss of one who 
most charitable. way. He was always ready to use his vast’ store of 
knowledge and experience to help all who came tohim. 
 - In 1915, he was married to | Harriet t Elizabeth Waklee, of Englewood, N i ee 
A son, Henry Aylesbury, Jr., and daughter, Margaret Waklee, were bom. to 
them. Mrs. Stringfellow died in November, 1919. ‘In: June, 1921, he was 
a married to Pauline Smith Bracken, of St. Thomas. He is survived by his 
widow, his | parents, his daughter, Margaret (Mrs. J ohn Broz), ‘and one sister, 
‘Stringfellow was a member of the Masonic. Lodge a at | St. J J oseph. Be 
to the American Wire Association. Mant wh bau 


ef Byron and Etha Walter. He received his education i in the public schools 
of Canton and at Ohio Northern University ix in Ada. e many other stu stu- 
dents, he spent his summer vacations working « on railroad survey crews. 
Continuing in railroad work in the summer of 1903, he served as chainman 
for the Erie 2 Railroad Company, and, , during t the summers of 1904 and 1905, s . 
g he was instrumentman for the same railroad. From October, 1906, to May, b q 
1907, he was employed by the Northern Pacific Railway Company as assistant - 
locating engineer. From May, 1907, to September, 1907, he worked on the 
: relocation of the ‘main line of the Chicago, ‘Milwaukee and Puget Sound a 
3 Railroad Company through Snoqualmie Pass, Washington. He was assistant © 
= locating engineer for the North Coast Railway Company at Spokane, Wash. ae, 
. from September, ‘1907, to J uly, 1908. From J uly to December, 1908, he was 2 
a employed on bridge work for the Chicago, Milwaukee, St. Paul and Pacific — ~ 
Railroad Company in the Cascade Mountains. From December, 1908, to 
z a | une, 1911, he served as resident engineer r for the North Coast Railway Com- te. 


* Memoir prepared Julian A. M, Am. Soc. Cc. B. 
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As: pany, in charge of construction of the line from Benton City 
Leaving railroad work, from September, 1911, to J july, 1912, he was em 

am ate ployed by the Puget Sound Bridge and Dredge Company on the construction — 

car. of the bridge crossing the Puyallup River at Tacoma, Wash. However, from — a 

a | uly, 1912, to February, 1918, he returned to the employ of the North Coast 
Railway working on the location of the Naches Pass line» 
North Yakima to Auburn, Wash. _ From March, 1913, to December, 1914, he. 
Hall ll and Company, Civil Engineers, in charge of surveys = 
AN ‘proposed power er development | on the: South Fork of the Willapa River, Wash- 

ington. In January, 1915, he received an appointment as resident engineer 
at 7 the Highway Department of the State of Washington, remaining until the 
eginning of World War L. die q Ot. 9 subs trond, 

Entering the U. 8S. Army as a First Lieutenant of Engineers, he was 

\ esaieiod to Captain of Company B, 55th Engineers, and served in France. — 

From October, 1920, to. December, 1925, he was employed as. resident « 

‘neer on the North Hill Viaduct, Akron, Ohio, in charge of maintenance of 
bridges and highways. Returning to Washington, from May, 1926, to J une, Bei 

i Sid 1927, he was locating engineer for the City of Tacoma on a proposed hydro- 

‘power development. He then served as supervisor of maintenance on 
rt sends and bridges for Pierce County, Washington, and as engineer in charge — 

@ of of construction of of the Pierce County airport. In September, 1936, Mr. Walter a x 
Mb entered the service of the Work Projects Administration as’ zone “engineer, 
Ag ‘soon was promoted to District Director of Operations, and, one year later, — 

ae _ became D District ‘Manager, District No. 4 (Pierce, Thurston, Mason, and Grays 

Harbor counties and a small part. of Pacific County). In. this -eapacity, he 

oe aa directed the construction of many school buildings and athletic fields; he had 
rs charge of a large part of the extension and expansion of the public utilities 

at Fort Lewis, McChord Field, Gray Field, the Olympia Airport, and the 

BS, eee Airport, all in Washington. In January, 1942, he was 

eet chief engineer of _ the Inter-County River Improvement District q 

Honesty and belief i in fair play were his outstanding characteristics He 
= a marked ability to handle difficult assignments with: exactness and ef- 

‘Mr. Walter was er of th Masonic Order. He a ‘attended he. 

Methodist ‘He is widow and two sons, James and 
Walter was elected ih ‘of the st 
Civil E Engineers on October 7, 1914. 
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ADDRESSES. 

Society Today and Tomorrow.” Address at ‘the 
Les Angeles, California, July 28, 1943. Ezra B. Whitman. 1517. 


Fill to Static Wheel Loads” 
ation in she: United States.’ "J. E. Teal. (With 


“Lateral of I- Beams and ‘Trusses in Banding: 
Se _ George Winter. . 247. Discussion: Robert K 


Procedure fat | Moments, and | Buckling 


Water softening. 
Weir coefficients. 


“Design of St. Georges Tied h Sp 543. 

R. W. Abbett, faced Dodge, Carlos 
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and Shearing Resistance of Plastic Clay: A 


Karl Terzaghi, Ralph B. Peck, and W. S. Housel. 


neri 
Loads.” N. M. Newmark. (With Discussion.) 1161,“ 4 


“Resistance of Soft. Fill to Static Wheel Loads.” N. Watters, Pagon. 


aoe Costs : allocated to various systems of Tennessee Valley Authority nig 


nnessee Valley Authority Projects. 


of Structures for ” B. T. Morris 


. Davis. 


“Permeability of Mud Mountain Dam Core Material. ” Allen Ss. Caiy;: Boyd 


"See VALUATION. 


DRAINAGE. 


83. Discussion: Merrill Bernard, K, Sherman, Clark, W. @ 


of Model Storm Sewer Inlets Applied Design: 
sok Tapley. 409. Discussion: Ralph W. Powell, and G. S. Tapley. 444. 
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“Earth Pressure and Shearing Resistance of Plastic Chay: 


Nig Karl Terzaghi, Ralph B. Peck, and W. S. Housel. 965. _ Discussion: 


botarioff, D. F.. Cooking. Karl Terzaghi, Raiph B. ‘Peck, 
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Projects.” Otis M. Page. 


>. 


“Hydraulic Design of Drop | 


and >. c. Johnson. (With Discussion.) 
Tests at Safe Harbor. 818. acim) 


“Reduction of Mineral ‘Content in with | Organic es.” 

See. "also SEWAGE DISPOSAL. 


FINANCE, 
Relationship to ‘public works. 1255. 


; 


“Allocation of ‘the Valley Authority Projects.” 
Parker. (With Discus Whi 
Parker. (With Discussion.) 9174. 


“Basic Economic Considerations Affecting Single and Multiple Purpose 
Projects.” é Otis M. Page. 353. Discussion: G. Pillsbury. 
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